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APPROVAL SHEET 
Dr. Pearl A. Nelson, Associate Professor of Education 
P!.,C?b1enl!: The purposes of this study uere to de~1elop 8. ~11oca'tu.lary 
lest With a conceptual basis 1n solenoe, and to determine its validity 
and reliability when applied to n selected sample of pupils at the end 
of the 9th grade. 
In order to include more basic concepts s. wide range of terms was 
drawn .from a sampling of 4-5·6th grade textbooks in o.ddi tion to an 
exhaustive sample of 7-8 and 9th grade textbooks. 
Justification of the st~dz: Research indicates (1) the necessity to 
Identify var-rous aolil£y groupo in science and (2} that vocabulary is 
one of the best means or evaluating school e.ohi.evement. 
Scope ~!!d 11rn~~a~1ons o.f s 1?_~: 
I.. Popu!a~ionl, to£a!ing l.35 science students f1~om a suburban 
repregentative New England community. acted as the pilot study 
for 152 items., 
2~ Population II, totaling 593 science students from a representative 
midwestern suburban school located no>.~th of Chicag<J, .~'epresenting 
nine different public schools located iu five different suburbs 
spread over an area of forty square miles, took the final test of 
116 items., 
Procedure: 
The firs£ uhase eetabl1ehed the ~cienoe texts as a valid sourae for 
acienca terms(j Phase two oons1ated or obte.inin.g terms from a random 
sampllng of science texts and the listing or 5624 terms en separste 
index cardso Highaert frequency ~arms numbered Boo. In phas~~ three 
the terms were grouped according to their relationship based on a 
single oommon ~olenoe idea or oonoept. Two different types of items 
wera used. One type consisted or five termso The testee was expected 
to choose the least related of the f.1ve termso The second part of the 
instrument eontained tour lists ot 20 terms; the testee was expected 
to associate ~ach individual term with one of ten possible categories., 
The four major areas of scieneo, namely, Earth Science, Biologyt 
Physics and Chemistry were rep~esented. Appropriate correlations and 
comparisons wez•e made. 
Major find~~KS and co~olusione: 
-r:---Tfia 1'earson product moment correlation:: ot• the final te~·t were 
with the following: Read General Science Test, .740; Teacher 
Grades, .615; Terman-}!eNemar Test o£ Nental Ability .606., 
2. The Spearman Brown t~rmula :t»esulted in 11 corrected reliability 
coefficient of .,889 - .023. 
3. A Chi square analysis revealed that 88% of the items were able to 
discriminate at the 1~ or 5% level of significance between the 
upper and lower 27% of the testees. 
The Junior High Science Achiovaroent Test ean be used in the ninth 
grade as a power test to determine selence schievemento 
The association of terms with concepts l<Jhlch 9th grade pupils 
attseh to se:i.enee vocabulary can be mea.su1•ed by meuns or category= 
association tes ts~ 
S lneo the h:lghes t percentile r?ank of 99+ ~uts equivalent to a raw 
score of only 93 out of a possible 116t the road is open to deter-
mine norms for the Junior High Soionce .Achievement Test in the 
9··10-11 and 12th J3radas. 
Cri~ici~ms and su~f~tiona for further ~tudy: 
r.- fiullcrsTrn'"IlarndTvidua! tests €o be given at the end or each 
unit but of a more specialized nature, as in astronomy, weather, 
light, heat and simple geology. Determine norms for the seventh 
and eighth grade levels. 
2o A longe~ test in one area of so1enee oould serve tc indicate 
finer degrees of schievemant. 
3e Results of science achievement at the beginning of the ninth 
year may help to determine how the science achievement varies in 
a ninth grade freshman class, especially if the population is 
drawn from different systemso The results of such a test may be 
invaluable in horizontal and vertical articulation of the areas 
in science. 
Dedication 
In deep gratitude to my 
dear departed parents who 
instilled the desire for 
true knowled ge very early 
in life. 
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CHAPTER I 
INTRODUCTION 
In our democratic system we seem to take wise and 
necessary action only under the greatest threats to our 
security or under the most astounding demonstrations or 
tragic waste of our resources . Once we have taken these 
sensible steps , however , we look back upon them as 
having been the most obvious things to do . Then, public 
support grows with experience until the programs seem 
to have always been a part of the American tradition. 
Then what do we do? Well , we look back and say that 
the early proponents of that action were prophets with 
a great vision. They cried out but were not heard . l 
Our manner or living is dependent upon advances in 
science . Such advances have largely taken place at the 
scientist ' s level . Their effects and knowledges or them 
have slowly begun to filter down from the plane or 
research, through the university, high school, and finally 
to the junior high and elementary schools , the junior high 
being the link between childhood and the adolescent years 
of high school. This period is considered to contain 
difficult and crucial years not only from the standpoint of 
physiological development , but because of decision making . 
It is now generally accepted that science needs a 
"place in the sun" along with the three R1 s . With this 
1carl Elliott , "America's Backlog of Bright Boys and 
Girls--Her Underdeveloped Resource , " The Identification and 
Education of the Academicall y Talente~tudent in the 
American SChoO!; ~he Conference Report (Washington-;; D.C . : 
National Education Association, 1958) 1 pp . 147-148 . 
general acceptance t he need for evaluatory methods in the 
earlier echelons of grolvth is vital . 
These needs have been somewhat magnified with the 
advent of Sputnik and the like . It is now the general 
hope that recognition 9f science achievement will be 
considered as important as other subjects . 
Because of the transitional nature of the junior 
high years , specific information pertaining to scholastic 
growth in science is still in the process of being inves -
tigated as it is in other major subjects and for the swme 
general purpose. Henry Chauncey says: 
It seems , then, that the junior high-school 
years are an especially timely period for 
administering a standardized testing program. 
Prediction at this point is practical and 
~ppropriate in terms of (a) the psychological 
development of individuals and (b) the 
organization of our education system: 
(a) The growth of intellectual abilities , as 
reflected by standardized test scores , has 
stabilized by this age-period to the extent 
that an eighth- grade test is likely to be 
nearly as effective as a twelfth-grade test 
in predicting-- let us say--college freshman 
marks . 
(b) Our educational system generally requires of 
pupils differential curriculum choices at the 
end of eighth (or sometimes ninth) grade . 
Decisions made . at this point are in close 
interaction with long- range educational and 
occupational choices . These decisions ten~ to 
close some doors or hold them open. • • • 
2Henry Chauncey , "Measurement and Prediction Tests 
of Academic Ability, " The Identification ~nd Education of 
-- -- -
2 
I • THE PROBLEM 
Statement of the problem. The purposes of this 
study were to develop a vocabulary test with a conceptual 
basis in science, and to determine its validity and 
reliability when applied to a selected sample of pupils 
at the end of the 9th grade . 
In order to include simpler or more basic concepts 
a wider range of terms was drawn from a sampling of inter-
mediate texts. Thus the items would be more likely to 
differentiate the average and below average groupings of 
pupils. 
Importance of the study. The 1960 National Society 
for the Study of Education Yearbook states: 
••• if research indic a tes that it is possible to 
differentiate between groups who are able to learn 
science at different rates and at different levels 
of abstraction, then a way of grouping students for 
expediting instruction is suggested. If the latter 
pos sibility proves to be the case, then it will be 
necessary to distinguish between concepts having 
different levels of abstraction; and this requires 
further research. 
The point is, it will be easier to resolve ques-
tions about offering different science programs for 
different types of students after research reveals 
the Academically Talented Student in the American School, 
The Conference Report {Washington b; D.C.: Natlonal 
Education Association, 1958), pp . 33-34. 
3 
more about the differences among these varying3types and how such types may be reliably identified. 
A science vocabulary test is needed to determine 
the range of science achievement of pupils after they have 
completed grade 9. There is a general trend in this 
country to make available those courses in science which 
will be best suited to pupils' individual needs . For 
instance, there are "practical science courses" for those 
4 
students who are not college bound . There is also a 
general trend for establishing a new high-school biology 
course which is a reorientation of biology from a descrip-
tive science to an experimental science . The 1960 National 
Society for the Study of Education Yearbook reports that:4 
At least three different kinds of science courses 
are appropriate at the ninth- grade level . • • a 
general science course at the ninth grade would be 
desirable . The course should draw upon content from 
all sciences whenever appropriate . • • • The course 
should be organized around a relatively few unifying 
areas , • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • 
Whenever possible, two other kinds of science 
courses should be offered at the ninth-grade level, 
general biological science and general physical 
science. • • • 
3Nelson B. Henry (ed) , "Needed Research in Science 
Education, " Rethinking Science _Education, Fifty-ninth 
Yearbook of the National Society for the Study of 
Education, Part I (Chicago , Illinois: University of 
Chicago Press , 1960) , p . 306 . 
4· -Ibid ., pp . 160-161. 
The three science courses previously described for 
the ninth grade should also be available to those 
tenth-, eleventh- , and twelfth- grade pupils who desire 
or are advised to continue their study of science at a 
general rather than a specialized level . 
An objective means of determining the science 
achievement of students at the end of the ninth grade 
could be an important determinant in helping to elect 
the proper future science programs . 
Wolfle commends the gathering of information 
regarding our youth that will provide a better basis 
for appraisal of future opportunities . 5 
Students need help in making educational choices 
and career plans . Each student decision is, in a 
sense , a policy decision to be based on sound infor-
mation just as the policy decisions of a larger order 
should be based upon sound information. 
The student needs two kinds of information: 
information about the fields of work which he is 
considering and information about himself. He needs 
to know something about the prospective demand; 
projections of future demand may not all turn out 
to be accurate , but they provide a better basis for 
appraising future opportunities for employment than 
does the type of unsystematic vocational information 
which is usually available to high school pupils . A 
realistic appraisal of his own future opportunities 
also requires knowledge of the nature of the work to 
be done , of the difficulties to be expected , of the 
traits of personality and character which are usually 
called for . He needs, in short , a realistic picture 
of the work to which he aspires . 
In order to determine how well he would fit into 
the . occupations he is considering , the pupil also 
needs information about himself . Pupils know that 
5nael Wolfle, America ' s Resource of Specialized 
Talent (New York: Harper & Brothers , 1954) , pp . 278-279. 
5 
6 
they differ from one another in ability, in interests, 
in the grades they receive, and in other respects. To 
help them to arrive at suitable goals, t hey should also 
be given the additional information which can be 
obtained from intelligence and aptitude tests. 
Finch is concerned about the ablest students being 
6 lost in large groups of students. 
• • . Putting more people through school does not 
necessarily mean that the student quality is lowered. 
There is a real danger that the ablest students will 
get lost in the mas s and that less attention will be 
paid to their development than would be possible if 
the total number of pupils was smaller. But on the 
average the larger number of students may do as well 
as the smaller. 
However , if there was a type of instrumentation to 
indicate various ability groups in science neither the 
ability, average or below average groupings would be lost 
in the shuffle. Furthermore, all students could be 
permitted the type of program best suited to their 
particular or peculiar needs. 
For a period of two and a half days, under the 
chairmanship of James B. Conant, the National Education 
Association convened on February 6-8, 1958, to consider 
problems involved in finding and educating the academ-
ically talented pupil. 
6Frank H. Finch, "Enrollment Increases and Changes 
in the Mental Level of the High School Population," 
AEplied Psychology Monographs , June, (Washington, D.C.: 
American Psychological Association, 1946), p . 66. 
Conant summarizes much of the emphasis of the 
N.E. A. group in the following manner:7 
7 
In the first place, the panel of experts on identi-
fication was in agreement as to the general methods to 
be used in identifying the academically talented youth. 
They were in agreement that this identification could 
be, and usually should be, made in the eighth grade 
and that tests should be given even earlier in a 
pupil ' s career and a record kept of his or her achieve-
ments . For, as one of the experts on tests declared, 
' We know that test scores and school marks together 
predict more accurately than either separately; the 
optimum weighting of each may vary from one situation 
to another, but in general there can be greatest con-
fidence in expectancy of academic success for pupils 
who rank high on both predictors.' The same speaker 
went on to point out that test scores have certain 
advantages as compared with school marks. They 
furnish , at any grade level, a standardized, comparable 
set of observations of pupils who may have bad 
different teachers and come from different schools 
with different marking systems . They are unaffected 
by any di~ciplinary element such as affects course 
grades . What tests can do for us , the speaker said , 
if 1 we are fishing for sizable talent , ' is not to 
single out the species or net the catch but identify 
those pools which ' are likely to have the greatest 
number of big fish.' 
. . . . . . . . . . . . . . . . . . . . . . . . . . . 
Conant continues to summarize: 8 
The importance of counselors and the guidance system 
was . emphasized throughout the conference addresses: 
7James B. Conant , "Conference Summary, " The 
Identification and Education of the Academical~Talented 
Student in the !mertcan Schoo!; The Conference eport 
(WashingtOn~ D..c.: National Education Association, 1958) , 
pp . 135-136. 
8Ibid . 
Clearly, a more intensive statistical and clinical 
study of boys and girls is needed at the end of the 
eighth grade, · or whenever the critical choice point 
is made as to high- school curriculum. • • • 
Another group led by Willigm H. Bristow and Robert 
c. Wilson made some of the following suggestions and 
conclusions:9 
Special characteristics which help identify the 
academically talented in science include a keen 
interest in science, the possession of a great deal 
of incidental information of a scientific nature, 
high level performance in mathematics courses as well 
as in science courses, a predilection to think along 
quantitative lines and to use quantitative terms, 
curiosity as to 1 how1 and ' why' and manual dexterity. 
Although all of these qualities may not be evident , 
some substantial combination of them is found in the 
pupil who is academically oriented in science . This 
kind of knowledge about students , as well as that 
revealed by batteries of tests , is needed in the 
identification of those academically talented in 
science . • • • 
• • • • • • . . . . . . . . . . . . . . . . . 
Programs for the identification and education of 
the talented should have flexibility. It is important 
to recognize that some students mature later than 
others and to make provision for them accordingly . It 
should be possible for students to enter the program 
whenever they d~monstrate that they have the necessary 
qualifications . lO 
9william H. Bristow, and Robert Wilson, "Education 
of the Academically Talented Secondary ~chool Pupil in 
Science , " The Identification and Education of the Academ-
ically Talenfed Student in the-American School:'The Con-
ference Report (Washington ~D. C~: National Education 




II . DEFINITIONS OF' TERMS USED 
Scientific term. According to a Francis Curtis11 
study the criteria which were used to establish a defini-
tion of a scientific term were as follows: 
term if 
A word or a phrase is considered to be a scientific 
l . It is the name of a definite piece of apparatus 
used in courses of science or in scientific 
work, as Liebig condenser and A-Battery. 
2 . It has a definite scientific connotation to a 
worker trained in the field of science to which 
the material containing the term belongs; and 
if , also by the way in which it is used, it is 
appropriate to be included as a term in the 
special branch of science which is under 
investigation or consideration. Thus neither 
matter nor gravity in 1The matter of diet must 
be considered with gravity •• · ' is a 
scientific term in a physiological discussion, 
even though the reader be a trained physicist , 
familiar with these words as scientific terms 
in physics . 
3. It consists of two or more words , together 
possessing a scientific connotation which the 
separate words alone do not possess , as 
specific gravitt, ferrous ammonium sulfate , 
single fixed pu ley , etc . . 
A term is not a technical one if 
an obviously nontechnical word or phrase can 
be substituted for it without sacrificing its 
meaning in the context . 
llFrancis D. Curtis, Investigations of Vocabula~ 
in Textbooks of Science· for Secondary SchooiS, (New Yo~: 
Lrrnn and Company , 1938) , P. 54· --
10 
However , a jury12 decided that for purposes of this 
study certain multimeaning words would be included in this 
list . The Curtis statement regarding a term's not being 
technical if another nontechnical word can be substituted 
for it without sacrificing its meaning seems to reinforce 
this jury action. For example , the word "matter" would 
remain in the list , even with its dual meaning, because in 
the teaching of science there is no real substitute for 
this word , either technical or nontechnical in nature. 
"There are three kinds of matter--solids , liquids , and 
gases . " Likewise , the term "leaves" with its dual meaning 
cannot be replaced with another word , and it too would 
remain in the list . 
In essence the recent 1960 National Society for the 
Study of Education Yearbook also supports the action of 
the jury when it mentions the lack of scientific terms . l3 
" • •• At present we are hampered by lack of a 
vocabulary like those in the sciences (filter, centrifuge , 
weight , titrate , balance , section) to describe tersely 
the operations carried out . " 
Also , for purposes of this study, scientific terms 
take on a more elemental meaning when consideration is 
12The jury was composed of post - graduate science 
teachers in a class at Boston University. 
13Henry, ££• cit. , p . 302 . 
11 
given to terms found in science texts beginning in the 
fourth grade and each successive grade through nine . 
Curtis's definition was strictly for high school science 
books . It needs to be noted that the interpretation of a 
scientific term, for the intermediate grades, would of 
necessity vary with the level of its difficulty . Since the 
purpose of selecting these terms is to build a test with a 
range of terms to be found in texts extending from the 
fourth grade through the ninth grade , the simplicity of 
such scientific terms is exemplified by terms such as 
glass , candle , straw, apple, and green. 
CHAPTER II 
REVIEW OF TEE LITERATURE 
Since the available literature concerned with 
subject area fields invol ving junior high science vocab-
ulary studies is limited , this review will summarize the 
writings which are related to pertinent general vocabulary 
studies and science vocabulary. Also included is a brief 
resume of research pertaining to the construction of 
vocabulary tests . 
The existing research appears to indicate that 
vocabulary is a powerful and reliable index for discovering 
abilities and achievement in courses of study. 
Research pertaining to the need ~ vocabulary 
tests . Research indicates that the vocabulary test is one 
of the best measures for evaluating school achievement . 
Friis states : 1 
Research up to the present has indicated the 
importance of vocabulary for school achievement . 
In fact , knowledge of vocabulary and word power 
had been one of the best measures of school 
achievement . 
1 Albert Clayton Friis , The Construction and 
Evaluation of a Languafe VocabUlary Test for the Inter-
mediate Graaes-(unpubl sh~d Doctoral~sertatiOn, 
Boston University, Boston, 1954) , pp . 1- 2 . 
13 
In the field of subject matter, Seashore concludes:2 
Vocabulary is probably the best single index for 
the prediction of achievement in nearly all of the 
other language skills, e.g., diction, composition, 
reading comprehension, reasoning , general intelli-
gence , and even grades in specialized subject matter 
fields, or scores on school achievement tests. 
Studies of the relationship between word meaning 
scores and standard achievement tests further reinforce 
the importance of vocabulary. Traxler found correlation 
coefficients ranging from .?80 to .877, with a median of 
.82?, between vocabulary and achievement.3 
The high relationship of word meaning to total 
achievement suggests that in their attempts to 
improve the general achievement of elementary 
school pupils, teachers could well place more 
emphasis on teaching of vocabulary. 
O'Connor states:4 
An extensive knowledge of the exact meanings of 
English· words accompanies success in this country 
more often than any other single characteristic 
which the Human Engineering Laboratories have been 
able to isolate and measure . 
As a result of these studies it could be concluded 
that vocabulary is important in determining achievement of 
2R. H. Seashore, "The Importance of Vocabulary in 
Learning Language Skills," Elementary English Review 
(March, 1948), 25:138. 
3A. E. Traxler , "The Relationship between Vocabulary 
and General Achievement in the Elementary School , 11 
Elementary School Journal (February, 1945), 45:333. 
4J. O'Connor, "Vocabulary and Success," Atlantic 
Monthly (February, 1934), 153:160. 
a pupil in school. In addition, Friis states that "any 
further research or additional instruments to measure the 
nature and size of pupil's vocabulary would be a worth-
while contribution to education."5 
The high statistical relationships between vocabu-
lary and scholarship were emphasized by Bernard6 and Bond .7 
In Bernard's study8 five sections of a college class in 
mental hygiene were given the Whipple High School and 
College Reading and the Inglis Test of English Vocabulary. 
Four sets of data were obtained: (1) score on the reading 
test, (2) score on the vocabulary test, (3) grade point 
average, and (4) psychological rating, and Bernard con-
cludes: "Vocabulary test scores are a better device for 
the prediction of college success, as measured by grades, 
than is either psychological rating or reading ability."9 
The correlation between psychological rating and vocabu-
lary was .64~.034, and helped Bernard to conclude:l0 
Vocabulary is something other than an aspect of 
intelligence - perhaps it indicates how a given 
5Friis, loc . cit. 
6H. W. Bernard, "Some Relationships of Vocabulary 
to Scholarship," School and Society (April, 1940), 
51:494-495. - . 
7E.A. Bond, nTenth Grade AP.ilities and Achievement,11 
Teachers Colle~e Contributions, No . 813, N. Y. Teachers' 
College, Colum ia University, 1940. 
8Bernard, 2£· cit ., p . 494. 9Ibid., p . 495. 
1oibid., p . 496. 
amount of general intelligence has been used. 
Teachers might do well to consider the advisability 
of giving more specific attention to vocabulary 
instead of trusting that development will be 
achieved through concomitant learnings. 
Also, Durrell says:ll 
Knowledge of word meanings is usually based on 
experience rather than intelligence. 
Bond's studyl2 has a general likeness to that of 
Bernard. His findings were similar . To show that rela-
tionships between tenth gr ade reading abili ties and 
scholastic achievement, vocabulary scores on the Gates, 
Traxler, Iowa A and B, and the vocabulary section of the 
Cooperative English Achievement Test were combined to make 
the composite vocabulary me asure. Nine measures were used 
(five measures of ability and four of achievement) - each 
measured against all other measures as variables. Correla-
tions were (1) total reading comprehension .745, (2) vocab-
ulary . 865, (3) location of information .723, (4) combined 
speed . 433, (5) intelligence quotient .805, (6) English 
achievement .844, (7) literary acquaintance .724, 
(8) geometry achievement .675, and (9) history achievement 
.609. 
llDonald D. Durrell , Improving Reading Instructions, 
(Yonkers: World Book Company, 1956), p . 260. 
12Bond, ££• cit., p . 53. 
Bond 's conclusions were:l3 
(1) For purposes of statistical prediction it 
appears that the measure of vocabulary is 
nearly as good as t he entire battery of 
abil i ties tests. 
(2) The magnitude of the intercorre l ation among 
the measures of reading vocabulary, reading 
comprehension, and intelligence indicates 
that the percentage of overlapping factors 
between these three abilities is great. An 
hypothesis that seems tenable is that to a 
considerable extent these three abilities 
have the same and/or similar elements in 
make - up. 
(3) Knowledge of reading vocabulary appears to 
be a more i mportant factor in tenth grade 
scholastic achievement in English usage, 
literary acquaintance, spelling, and biology 
than readi ng comprehens ion. 
(4) Reading comprehension appe ars to be a more 
important f actor i n tenth grade scholastic 
measurement in these subjects than intelli-
gence as measured by the Revised Stanford 
Binet Scale . 
On the Stanford Revision of the Bi net the correlation 
between vocabulary scores and mental age s of 631 pupils 
ranging from grade one to high school, was . 91 . From these 
findings Terman believes that: 14 
Very few tests or groups of tests yield as high 
correlations as those found above, but it is the 
usual thing for the vocabulary test. It is evident 
that mental ages based on vocabulary scores alone 
13Ibid., pp . 60- 61 . 
14L. M. Terman, "The Vocabulary Test as a Heasure 
of Intelligence," Journal of Educational Psychology 
(October, 1918) , 9:454. 
would not go far wrong in a large per cent of the 
cases. 
A decided relationship between vocabulary and 
achievement in a specific subject area was found by Edwards. 
During the spring of 1935, at the University of Georgia, a 
study was conducted to determine students' knowledge of 
mathematical vocabulary and the extent this correlated 
with a final mathematical vocabulary and a final math-
ematical exam. The experiment was performed on two groups 
of freshmen. For one group numbering 141 cases, the 
correlation was .633, P.E •• 03. For the second group 
numbering 118 students, the correlation was .59, P . E •• 04 . 
Edwards concludes:15 
These results show a considerable influence of 
the vocabulary upon achievement in mathematics. 
Correlations give weight to the hypothesis that a 
considerable amount of difficulty in mathematics 
is due to lack of sufficient knowledge of the 
mathematical terms used. 
Cronbach expresses the need for improved vocabulary 
tests in all subject areas. He states:l6 
One of the significant problems of educational 
measurement is the need of improved vocabulary 
tests. A knowledge of technical vocabulary is 
15A. L. Edwards, ttA Mathemati cal Vocabulary Test 
and Some Results of an Examination of University Freshman, 11 
Journal of Educational Psychology (December, 1936), 27:697. 
16L. J. Cronbach, "Measuring Knowledge of Precise 
Word Meaning," Journal of Educational Research (March, 1943), 
36:528. 
18 
prerequisite to comprehension of textbooks and dis-
cussions , and is often the key to basic ideas in 
the subject . 
Use of the Th~nndike Teacher's Word Book17 will be 
limited in the writer' s study. Sullivan explains the 
choice of words for her own study . 18 
The importance of vocabulary has been emphasized 
by many previous investigators . Several studies 
have been done in the fields of mental and voca-
tional measurement in which vocabulary test scores 
have been used as criteria in reaching conclusions . 
On examination most of these vocabulary tests were 
found to contain few technical ter.ms or words from 
trades, sciences, fine arts, or practical arts from 
the Thorndike Teacher' s Word Book, Roget 1 s Inter-
national Thesaurusl9 or ~dictionary . 
Also Davis points out : 2° 
A few moments consideration will indicate why 
the ' frequency• ratings in The Teacher's Word Book 
should not be used indiscriminately as - i dif1IcU!fY1 
ratings . First , with few exceptions , no separation 
of the relative · frequency of. the several meanings 
that a given word may possess is made in The 
Teacher's Word Book. The Teacher's Word Book 
should not-se-interpretea as indications ~he 
difficulty · of words . There is nothing in The 
l 7E. L. Thorndike , The Teacher's Word Book of 
20 , 000 Words. (New York: Bureau of PubliCations , Teachers 
College , Columbia University , 1930) . 
l8Helen B. Sullivan, A New Means of At!raisin~ the 
Qualifications of Prospective Teachers (unpu ishedoc=-
toral dissertationJ Harvard University, Boston, 1944) , 
P • 62 . . · 
19c . o. s . Mawson, Roget ' s International Thesaurus . 
(New York: Thomas Y. Crowell Company, 1925) . 
20
.Frederick E. Davis , "The Interpretation of 
Frequency Ratings Obtained from the Teacher's Word Book," 
Journal of Educational Psychology (February, 1944), '.35 :169. 
Teacher's Word Book to justify such an interpre-
tation; subjectrve-considerations discourage it; 
and the data • •• are not in agreement with it. 
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Vocabulary plays an important role in comprehension 
of subject matter . Tinker , 21 Pressey22 and Russell23 are 
in agreement . 
Tinker says: 
Teachers should plan more emphasis than they 
ordinarily do upon technical word meanings . 
FUrthermore , the writing of books in content 
fields might be improved if the authors better 
understood the reading limitations of children 
who are using them as texts . The fact that 
achievement in a content field is better 
reflected by vocabulary knowledge in that tield 
further emphasizes the desirability of teaching 
pertinent word meanings and clarifying concepts . 
Pressey, in her investigation of technical vocab-
ularies , emphasizes vocabulary: 
The failure to know this or that word is not 
an isolated or unimportant condition, but it is, 
primarily, evidence of failure to comprehend the 
idea represented by the word . This fact cannot 
be too strongly emphasized . If a pupil is failing 
in a particular subject and the teacher wishes to 
find out what part of the materials he has 
grasped , she can approach the matter very simply 
by finding out what words he does not know. 
21Miles A. Tinker , Teaching Elementary Reading (New 
York: Appleton-Century-Croft Company , 1952) , p _. 164. 
22Luella Cole Pressey, 11 An Investigation of the 
TechnicaLVocabularie~ of School Subjects," Educational 
Research Bulletin (April , 1924) , 3 : 184 . , 
23David H. Russell, Children Learn to Read (Boston: 
Ginn and Company, 1949) , P• 25 . ------
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Russell explains vocabulary through recognition of 
symbols: 
To the small child the word 'chair' may first 
mean his own little wooden chair; the large stuffed 
object in which his father sits is something quite 
different . Gradually he see~ that chairs have 
certain common and certain variable elements, he 
generalizes his idea of chair and so understands 
the concept . 
Research pertaining to the science vocabulary. 
Discussions of two studies dealing specifically with 
science vocabulary follow : These studies are concerned 
with the development of scientific vocabularies for use 
in textbooks . 
Curtis , in a pioneer study, sought answers to the 
following questions , initially in 1937: 24 
1 . Are the vocabularies found in textbooks of 
science actually too difficult for the pupils 
for whom the books are intended? 
2 . Is there some definite and readily determined 
level of vocabulary in present textbooks of 
science . which marks a sharp increase in 
difficulty of comprehension by the pupils , 
and which , therefore , is the level at which 
simplification of vocabulary in such text-
books should begin? 
3. Is the difficulty which pupils encounter in 
reading textbooks of science attributable , 
to any considerable extent, to non-scientific , 
and hence non-essential, vocabulary? · 
24Francis D. Curtis , Investi~ation of Vocabulary in 
Textbooks of Science for Secondarychoois:- (New York! 
Ginn and Company , 193'8"), p . 111 . .. 
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4· Do present textbooks of science provide 
adequately for the mastery of essential 
vocabulary through definition and repetition? 
5. What are important terms which should be 
mastered in various courses of science? 
The data for the study were obtained from one 
hundred master's theses completed under the direction of 
the . author. 
In general , lists of words were obtained by 
examining the glossaries of textbooks for general science , 
biology, chemistry, and physics . The word lists thus 
assembled were compared with the lists of words assembled 
by others such as Thorndike . 
The words were then submitted to qualified teachers 
in order to determine their values for inclusion. Lists of 
essential and desirable words were thus developed . Curtis 
drew the following conclusions : 25 
1 . Both the technical and the non-technical vocab-
ularies of textbooks of general science, 
biology, chemistry, and physics are too 
difficult for the pupils for whom the books 
are written. 
2 . There is insufficient provision in such text -
books of science for repetition of difficult 
scientific terms and non-technical terms . 
3. Too large a percentage of the difficult words 
found in such textbooks of science are non-
scientific or non-technical words. 
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4· Too small a percentage of the scientific terms 
that are introduced into such textbooks of 
science are defined . 
5. Not infrequently the definitions of scientific 
terms fail to appear in the textbooks until the 
terms have been used more or less extensively 
in earlier parts of the books. 
Mallinson26 in 1955, eighteen years later, conducted 
a study using techniques similar to those of Curtis , for 
the purpose of developing a scientific vocabulary for 
general physical science commonly taught in grades 11 or 
12. A list of words was compiled through the use of text-
books , courses of study (state , county , and city) , and 
those dealing with the area of general physical science . 
The list was then submitted for evaluation to a jury of 
forty-four persons, all of whom had written textbooks or 
articles on general physical science , or who had helped 
develop courses of study in this area . 
The result is a list of four hundred words con-
sidered to be an essential vocabulary for general physical 
science , plus two hundred words considered to be a 
desirable vocabulary for gener al physical science . 
The list of terms may well be of value to those 
26George Greisen Mallinson, 11 The Development of a 
Vocabulary for General Physical Science . " A Report of the 
Meetin~ Held in Cleveland , Ohio, The Twelftn Yearbooi:o~ 
the Na ional Council on Measurements Used in Education, 
Part II , Cleveland , Ohio, April 1955, pp . 6- 8. 
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developing curriculum materials for courses in general 
physical science . 
Construction of vocabulary tests . There are 
numerous studies pertaining to the construction of 
vocabulary tests . 
Earley27 constructed ana evaluated a social studies 
vocabulary test for intermediate grades . Five forms of a 
category- association test of 140 items each were con-
structed , administered , and item analyzed . Through the 
technique of associating words with category titles he was 
able to measure chilaren1 s understanding of social studies 
words . 
Earley concludes : 28 
A. Statistical analysis of the test data obtained 
in this study-indicates that vocabulary tests 
can be used to determine the status of ana to 
diagnose the needs of children's understand-
ings of social studies word concepts . 
B. The association of word concepts which 
children attach to social studies vocabulary 
can be measured by means of category-
association tests . 
c. The category-association technique is a highly 
valid ana reliable method of measuring 
knowledge of social studies vocabulary. 
27william ·L. Earley, Jr . The Construction and 
Evaluation of a Social Studies Vocaoulary AssociatiOn Test 
for IntermeO:rate Grades {unpuolished Doctoral dissertation, 
BOSton University , Boston, 1952) , p . 53 . 
28 Ibid ., PP• 55-56. 
D. More words can be measured in a shorter period 
of time by the category-association technique 
than by other methods used previously in the 
measurement of social studies vocabulary of 
the intermediate level . 
Spencer ' s 29 study was similar to Earley's . The 
technique of classifying meaningful topics used in a series 
of thirty lessons over a ten- week period was employed . The 
purpose of this study was the construction and evaluation 
of vocabulary lessons which combined independent word 
analysis practice with meaningful response to the new 
words . The study was done at the fourth grade level . 
• 
The lessons possessed the following features:3° 
1 . Words chosen for analysis practice were 
within the child ' s speaking vocabulary 
beyond the usual vocabularies of primary 
basal readers . 
2. Word analysis was taught inductively rather 
than through the application of rules and 
exceptions . 
3. Meaningful responses to the word followed 
the analysis . 
4 . Children worked in pairs, utilizing the 
stimuli of social learning and oral response . 
An individual lesson consisted of between 30 and 
40 words , with pictures to add meaning and interest to 
the task. 
29noris Spencer , An Evaluation of Word Study 
Lessons for Grade Four (unpublished Docto~al dissertation, 
Boston University ,~ton, 1958) . 
30rbid ., p . 167. 
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Spencer ' s conclusions were that in all areas 
. . 
evaluated , the experimental group made greater gains than 
were made by the control group during the ten weeks of the 
experiment . 31 Superior gains at the one per cent level of 
statistical significance were made by the experimental 
group in the following areas : Word Recognition, Word 
Analysis , Visual Memory of Word Patterns , Identifying 
Sounds in Words , Recognition of Homophones , Reading 
Achievement , Vocabulary Achievement , and Speed of Reading . 
The experimental group in the remaining two areas analyzed 
made the greater gains , but the difference in gains was not 
significant . Nevertheless , both groups made statistically 
significant gains at the one per cent level in Reading Com-
prehension and Spelling Achievement. When the data were 
analyzed to compare gains made by boys and girls of the 
experimental group, no significant differences were found 
in Reading Achievement, Identification of Sounds in Words , 
Word Analysis , and Spelling Achievement . 
Sullivanrs study32 was designed to appraise the 
qualifications of prospective teachers . She states:33 
The study was really to be concerned, putting 
it in very simple English, with what other things 
3libid ., PP • 169- 175. 
32sullivan, loc . £!1· 
33rbid ., PP • 57-58 . 
besides books and book learning the prospective 
teacher has had any interest in previous to 
coming to college . It was not concerned with, 
and did not attempt to measure , vocational , 
educational, or mechanical aptitude . It was 
simply to measure the candidate's tendency 
toward knowledge in or acquaintance with the 
many other interests in life that most of the 
students with whom she would work four years 
hence, whether in the elementary or secondary 
school, would be decidedly interested in. 
26 
Initially fifteen fields were chosen. They included 
Government , Physics , Finance, and Agriculture . "Selection 
of terms used in these various fields were made by exam-
ining textbooks, studying technical lists and interviewing 
teachers of the various subjects . n34 Each teacher inter-
viewed was asked:35 
1 . To give a list of terms concerned with his 
subject which he felt everyone should know 
from general reading and experience contacts, 
but which could be in the vocabulary of an 
individual who had had no formal education in 
the particular field . 
2 . To give a list of terms which would require 
some formal education in his field but not a 
detailed knowledge of it . 
3 . To supply a list of terms which would be known 
usually only by those people who had studied 
the f ield concerned intensively. 
Sullivan in this manner listed over four hundred 
words related to the fifteen fields . All words which 
could fall in more' than one field were striken out . This 




left a residue of about three hundred words from which the 
tryout test was constructed . The final instrument utilized 
the technique of associating 60 words (3 columns) with ten 
words at the top of the page, each of which indicated a 
group or category. 
The final vocabulary test consisted of words from 
fifty- seven different fields classified under six different 
subheads as follows : Recreational Fields, Humanistic 
Subjects , Aesthetic Fields, Trades, Scientific Subjects, 
and Practical Arts . Under each subhead there were 
150 words , making a total of 900 words in the test . After 
conflicting words and ambiguous terms were removed it was 
administered to 180 freshmen and 244 seniors in three 
different teacher colleges . "This test was termed a test 
of special vocabularies . u36 
The data for the Sullivan study indicate:37 
The correlation of the Special Field Vocabulary 
Test with practice teaching rating decile positions 
for 244 seniors in three teachers colleges was 
. 936 + . 005. The correlations for Special Fteld 
Vocab~lary Test in the separate colleges were . 94 , 
. 89 , and . 96 respectively •••• The relationship 
between the Special Field Vocabulary Test and prac-
tice teaching success was approximately the same as 
that between class rank and practice teaching 
success . These correlations ran as follows: . 72 , 
. 90 , and . 96 for the different colleges . 
36Ibid . , p . l46. 
37rbid ., p . 150 . 
Sullivan interprets t~e data as follows:38 
It cannot be said that culture is revealed by a 
high score on this . test or that those persons 
receiving low scores are necessarily uncultured, 
but it can be said that those students having high 
scores on this test and successful ratings in 
practice teaching seemed to be possessed of the 
ability to interpret existing social patterns and 
transmit the social heritage of past cultures to 




The following topics outline the three phases of 
the procedures used in the determination of the scientific 
terms needed for a junior high science achievement test. 
Searching sources of vocabulary. The first phase 
established a valid source from which to secure these 
terms. Factual or conceptual information is represented 
predominantly by key terms . These were randomly selected 
(see page 30) from recent intermediate and junior high 
school science texts most commonly used in all sections of 
the United States . A jury composed of post graduate science 
teachers in a science class at Boston University agreed that 
the texts listed below were most commonly used and would act 
as a resource for determining the scientific terms . These 
teachers came from representative parts of the United States 
as South, Midwest, Southwest and Northwest . In addition the 
writer has confirmed this with the publishers. 
Series I 
Beauchamp , Wilbur L. , Mary B. Williams, and 
Glenn o. Blough 
Discovering Our World Book I - Grade ~ 
Discovering Our World -- Book II - Grade / 
Discovering Our World - Book III - Grade 6 
Beauchamp, Wilbur L. , John c. Mayfield, and 
I - Grade 7 





II - Grade 8 
III - Grade 9 
Scott, Foresman & Co., 1957 
Series II 
Brandwein, Paul F . , Leland G. Hollingworth, 
Alfred D. Beck and Anna E. Burgess 
You and Your World Grade 7 
You and Your Resources Grade 8 
You and Science Grade 9 
New York: Harcourt, Brace & Co., 1960 
Series III 
Frasier, George Willard, 
and Gilmore D. Decker 
Our Scientific Needs 
Our Scientific World 
Our Scientific Age 





New York: The L. w. Singer Co.,Inc.,l956 
Series IV 
Schneider, Herman and Nina Schneider 
Science in Your Life 
Science in Your World 
Science for Today and Tomorrow 
Boston: D. C. Heath & Co . , 
Series V 
Smith, Paul E. 
Our Environment Series 






How We Adapt Ourselves 
New York: Allyn 
to It Grade 8 
& Bacon, Inc., 1956 
Range of concepts . Simpler or more basic concepts 
were included in this Junior High Science Achievement Test 
because of a sampling of simpler terms from the fourth, 
fifth, and sixth grade texts; the grade range for the use 
of this instrument would appear to include the seventh and 
eighth grade. Because of the more difficult concepts 
attained at the ninth grade level the test would appear to 
permit the seventh or eighth grade testee to demonstrate 
his science achievement beyond his own grade level . 
Method of tabulation. Wi th t he science vocabulary 
suitably defined the process of tabulating the science 
terms, phase two, was initiated. 
This necessitated the use of a table of random 
numbers1 to enable the writer to sample thirty pages 
randomly from each of the science texts to be sampled. 
For each of the seventeen texts the writer redetermined 
a new set of thirty pages. 
Each of the scientific terms found on each of the 
pages was circled, rechecked, and tabulated on 4" x 6" 
index cards2 especially designed to record the frequency 
of appearance of 5624 separate terms. Each card included 
the following information for each term: publisher, grade 
level, and frequency of the term. 
Frequency of appearance determined whether terms 
were selected for consideration as test items. Terms 
1Allen Edwards, Statistical Analysis (New York: 
Rinehart & Company, 1946), pp . 340-~ 
2see Appendix D, p. 123. 
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showing the highest frequency were finally selected. The 
lowest limit of frequency acceptance was the appearance in 
two out of four texts at the seventh, eighth, or ninth 
grade level. Terms falling in this category numbered 800. 
Based on a single common general science idea that 
32 
science terms can revolve about a central concept, thought, 
idea or experiment 440 terms were finally selected for the 
152 items of the pilot test. The reader may refer to pages 
34 and 35. Part I consisted of 72 items using 5 terms per 
item or 360 terms. Part II consisted of 80 items using 
only one term for each item or 80 terms. Therefore, the 
total number of terms used in Part I and Part II were 
440 terms (360 ~ 80) plus an additional 10 terms for the 
10 categories in each of the 4 areas, or another 40 terms. 
Therefore from the original 800 science terms selected, 
the 40 category terms plus 440 terms used in the 152 items 
brought the grand total to 480 terms used in the pilot 
test. 
Part I = 72 items 
Part II = 80 items 
x 5 terms per item 
x 1 term per item 
= 360 terms 
= 80 terms 
Part II = 40 categories x 1 term per category = 
Grand Total 
40 terms 
= 480 terms 
After the statistical item analysis using the Davis 
formulas3 identified the difficulty and discriminatory 
3For Davis formulas see page 75. 
indices of each item only 36 items remained in Part I. 
Part I now consisted of 36 items using 5 terms per item 
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or 180 terms. Part II still retained the same number of 
items as the pilot test or 80 terms plus 40 category terms. 
This brought the grand total to 360 terms used in the 
final test. For further analysis of Part I and Part II the 
reader is referred to the Tables and their explanations in 
this chapter on pages 42 -54. 
Research indicated in previous studies such as that 
of Earley4 that some terms high in concept value must be 
included in a good test although they were not necessarily 
of high frequency. Earley says:5 
Many words considered important and essential are 
of low frequency indicating that frequency of usage 
within a book is insufficient as the sole criterion 
for determining the relative importance of a word 
necessary for the understanding of social studies 
concepts. Some such words appear only once in a 
book. 
In this study there are also seven such terms which 
are essential to teaching science concepts and which 
appeared only once in the random sampling. However, these 
terms do appear more frequently in the same texts than 
appeared in this particular random sampling. These terms 
are: esophagus, intestine, 5000°, 212° , 0°, 14.7, and 
hard coal. 
~arley, op. cit., p. 44. 
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Lawson's regard for the word frequency used in his 
study titled, The Construction and Revision of ~ Arith-
metic Vocabulary Test for Grades Four, Five and Six 
states: 6 
It was decided to include in the final list for 
testing purposes only those words which occurred in 
two or mora series at the same grade level. A list 
was made of the words in this category as well as a 
list of those which occurred in only one series . By 
using the latter list and rechecking the series 
previously scanned a small number of words was found 
which would have occurred in two series at the same 
grade level , if these words had been fully tabulated. 
Planning and constructing the test . Consultation 
with the writer ' s committee initiated the third phase . It 
was decided to include the following major areas of 
science: earth science, biology, physics , and chemistry . 
The four areas of science were originally arranged in their 
existing order because of the learning sequence ·that bas 
been established for these areas of science in many of our 
secondary schools throughout the nation. 7 
6John Herb~rt Lawson, The Construction and Revision 
of an Arithmetic Test for GradeS Four Five and-six 
TUnpublished Doctoral OISsertation;-Boston University, 
Boston, 1958), P• 37 · 
7This information is based on a paper titled, The 
Study of New Developments in Secondary-School Science-
Grades 7- 12 , given by Dr. Margaret J . McKibben, Assistant 
Executive Secretary for Special Projects of the National 
Science Teachers Association, at the Thirty-Fourth Annual 
Meeting of the National Association for Research in 
Science Teaching , at the Pick-Congress Hotel, Chicago, 
Illinois on February 24 , 1961. 
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Terms were grouped according to their relationship 
as based on a single , common general science idea or 
concept . It was found that 360 terms finally remained 
because of their precise association of ideas with the 
categories that had been chosen. The naming of the science 
areas was revised until they met with the approval of 
experts in science education. Originally the areas of 
science included astronomy , weather , geology, physics , 
chemistry, and biology. However , after considerable 
consultation the following four areas in science met with 
the approval of experts in science education: earth 
science , biology , physics and chemistry. Earth science 
encompasses the three areas of astronomy, weather , and 
geology. 
Two different types of items were finally decided 
upon as best being able to do the necessary task as 
indicated by illustrations on pages 36 and 37 · Since 
science terms can revolve about a central concept , thought , 
idea or experiment , one part of the instrumentation favored 
items consisting simply of five terms , four of which were 
more closely related than the fifth term. The testee was 
expected to choose the least related term of the five 
terms . The second part of this instrumentation also 
favored the same four distinct areas of science. However, 
now the students were expected to identify twenty individual 
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JUNIOR IDGH SCIENCE ACIDEVEMENT TEST 
PART I 
IN EACH OF THE FOLLOWING GROUPS BELOW THERE ARE FIVE 
TERMS. FOUR OUT OF EACH FIVE TERMS ARE CLOSELY RELATED 
IN SOME WAY. FIND THE TERM THAT DOES NOT BELONG OR IS NOT 
AS RELATED IN EACH GROUP. DARKEN THE SPACE ON YOUR ANSWER 
SHEET CORRESPONDING WITH YOUR ANSWER. 
EXAMPLE I: a. Mercury ANSWER SHEET 
b. Venus a b c d e 
c. Earth D D D D I d. Mars 
You should have darkened 
e. Sun the space under e since 
the Sun is not a planet. 
EXAMPLE ll: a. Edison ANSWER SHEET 
b. incandescent lamp a b c d e 
c. iron D D D 0 D d. filament What space should be 
e. tungsten darkened? 
©Alfred Lazow 1961 
PART TI 37 
PROCEDURE FOR NEXT FOUR PAGES 
READ DOWN THE COLUMN OF TERMS BELOW AND DARKEN THE NUMBER 
ON YOUR ANSWER SHEET THAT IS MOST CLOSELY RELATED TO ONE OF THE 
CATEGORIES AT THE TOP OF THE PAGE. 
EXAMPLE: 





4. first quarter 
5. Earth 
6. Moon 7. Heat 8. Phases 9. Eclipses 10. Telescope 







On your answer sheet you should have darkened the space 
under "one" since that represents the category "planet." 
Likewise in question two you should have darkened the 
space under ''two" since Orion belongs to the category 
"Constellation." 
Continuing to question three, since fall is in the category 
"Season", the corresponding number would be ''three." 
Since first quarter belongs to the category "Phases" this 
corresponding number would be "eight." Note that while 
first quarter has to do with Moon, it is specifically a phase 
of the Moon. 
Earth belonging to the same category as Mercury, in question 
one, would necessitate darkening the space under "one" again. 
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terms, each of the twenty individual ter.ms relating to 
only one out of ten possible categories listed for each 
of the four major areas of science . 
In an attempt to delete ambiguities even before the 
pilot study was given , three college science students were 
given the test, after which each individual item was 
deliberately analyzed and discussed in an effort to remove 
items which may have other relationships than those 
originally intended . 
At the time of the writer's doctoral hearing it was 
suggested that it would be best to refer to the writer's 
vocabulary test as an achievement test . Therefore the 
writer's instrument is called: Junior High Science 
Achievement Test . 
Conducting pilot test . Population I, totaling 
135 science students from a suburban representative New 
England community, acted as the pilot study. The test was 
administered to these students at the end of the ninth 
grade . 
At this time current intelligence quotients, 8 
teacher grades, and reading scores9 for Population I were 
Botis Quick-Scoring Mental Ability Tests , For.m Dm, 
World Book Co ., Yonkers-On-Hudson, New York, 1938. 
9stanford Achievement Tests , JM, Advanced Reading 
Test , Yonkers-On-Hudson, New York, 1941. 
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also recorded for correlation purposes and controlling the 
reading scores . This reading factor will be explained 
later in this chapter under Treatment of Data . 
The administration and faculty eagerly contributed 
of their time and effort to make possible this pilot test . 
Since their intent was especially enthusiastic this 
climate was in turn transferred to the population itself 
along with the extreme importance of the entire experience . 
Not only did the faculty ' s willingness to help along with 
their interest and suggestions contribute to the ease and 
enjoyment of the instrumen~ ' s administration, but it also 
furthered the development of the test because of their 
constructive criticism. 
In a sincere effort to realize as much of the 
testee ' s attitude and feeling with regard to clarity of 
instruction the writer conducted most of the testing on 
the pilot test . He also was in a position to note care-
fully questions during the testing period pertaining to 
test items . This was extremely helpful in building the 
final test . 
After each testing period there was a short dis -
cussion which enabled the writer to gain insight into many 
of the items . The writer was also able to discover some 
of the reasoning of the testees with regard to particular 
items and to gain first hand knowledge of student opinion. 
Treatment 0f data for pilot test. At the time of 
the writer's hearing of his problem the committee accepted 
a proposal of one of the faculty, a professor in the field 
of secondary reading and Director of the Secondary Reading 
Clinic . This concerned the dropping of students who may 
score low on the vocabulary test because of their reading 
ability . Those students scoring in the lowest quartile on 
a nationally standardized reading test would be dropped. 
Therefore, the original population of 135 students was 
reduced by 11 students or 8% because of reading ability in 
addition to 14 students or 10% because of insufficient 
data, and 18 students or 13% because of absence, leaving a 
residue of 92 students. 
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Difficulty and discrimination indices of the exper-
imental form or pilot test were determined for the purpose 
of selecting items which will measure the science achieve-
ment of ninth grade junior high students. For these 
statistics the Davis technique was used, which is explained 
on pages 42 - 44 of this chapter . 
All tests were machine corrected, and an item count 
was obtained for the upper and lower 27% of the cases. 
The reader may refer to Appendix C to see a copy of the 
I .B.M. answer sheets used. 
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Correct item responses for the pilot population were 
analyzed for the purposes of determining levels of diffi -
culty. Items were further analyzed to determine the level 
of significance at which they distinguished between the 
upper and lower 27% of the testees . 
The reliability of the pilot study was determined by 
use of the odd and even items using the Spearman- Brown 
Prophecy Formula . 
Statistical validity was further established by 
using as criteria the Read General Science Test and teacher 
grades in determining validity coefficients determined by 
the Pearson Product Moment Formula . A further correlation 
was determined between the pilot test and the intelligence 
quotient . 
The me an and standard deviation were also computed 
for the pilot test . 
Curricular validity was assured as a result o.f the 
method of vocabulary selection in that all terms tested 
were directly from students ' textbooks . These terms , 
obviously, are those which students must read and under-
stand if meaning is to be gained from the concepts 
express ed in the content . 
Face validity , or formal relevance , may be observed 
from an examination of the vocabulary tested . A jury of 
secondary science teachers from a post graduate class at 
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Boston University indicated all the ter.ms included are 
necessary for undergraduate scientific ideas and concepts . 
Item Analysis. The proportions of success in the 
highest and lowest 27% of the test scores obtained were 
used in these determinations . The difficulty and dis-
crimination indices of the 152 items were desired. 
Davis10 defines the difficulty index as the proper-
tion of a certain sample of testees that answers the item 
correctly, after correction has been made for chance . 
"The difficulty of an item may be defined as the proportion 
of a certain sample of testees that marks the item 
correctly , or it may be defined as the proportion of a 
certain sample of testees that actually knows the answer 
to an item. " 
Davi~ also states: 11 "Items with discrimination 
indices above 20 will ordinarily be found to have suf-
ficient discriminating power for use in most achievement 
and aptitude tests." The percentage of items retained for 
the final test that had discrimination indices of 18 or 
more is 82%. However, in some instances the discrimination 
indices did not reach 18 . Item 1 was constructed to permit 
1
°Frederick B. Davis , Item Anal~sis Data (Cambridge: 
Harvard Education Press , 19491;:Pp. 2- • 
11Ibid . 
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100% of the testees to answer it correctly, and item 54 
possessed distractors appealing to the upper 27%. Upon 
analyzing the difficulty indices a spread of items ranging 
in difficulty from one extreme to the other is observed. 
The majority of items were in the difficulty range of 
30 through 65. The Davis formulas are explained in 
further detail in Chapter IV on pages 74 - 76. 
In the second part of the test certain items 
appeared to have more than one possible answer . In such 
cases the item was repaired either by replacing the term 
in the item or in six instances the categories themselves 
were replaced inasmuch as a category provided for two 
answers for some items instead of one answer . 
Table I indicates those items which were accepted 
and rejected on the basis of the discrimination indices . 
These items are marked either accepted or rejected . Items 
which were repaired because of being ambiguous or too easy 
were marked repaired . 
The chi square formula was also applied to determine 
the level of significance with which all the items dis-
tinguished between the upper and lower 27% of the testees . 
Ho1-.1ever , since other factors such as difficulty and dis-
crimination indices are very essential in selecting good 
items the level of significance was used as a check. 
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Due consideration was given to the retention of 
each individual item. Davis says : 12 "The fact that item 
discrimination indices reflect the influence of so many 
factors means that they must . be interpreted and used with 
care . " 
In 12% of the items the level of confidence was 
not significant at the 1% or 5% level . Because of their 
taking discrimination indices of 18 or more on the Davis 
Table they were accepted . 
The results of the interpretation may be noted by 
referring to Table I , on pages 45 through 53, entitled 
Item Analysis and Chi Square Data . 
12Ibid ., P• 16. 
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TABLE I 
POPULATION I - ITn.f ANALYSIS AND CHI SQUARE DATA 
PART I 
Raw Scores 
ITEM RIGHT WRONG DISCRlMINATION DIFFICULTY LEVEL OF SIGNIFICANCE 
1. High 28 0 Accepted 
-7 95 
Low 28 
2. High 8 20 Accepted 18 12 4.77 5% 
Low 1 27 
3. High 26 2 Rejected -21 81 -
Low 28 0 
4. High 13 15 Accepted 18 34 
Low 8 20 
5. High 7 21 Rejected 12 14 
Low 4 24 
6. High 8 20 Rejected 12 19 
Low 2 26 
7. High 28 0 Accepted 37 71 5.88 5% 
Low 21 7 
8. High 8 . 20 Accepted 19 18 3.04 10o/0 
Low 2 26 
9. High l3 15 Accepted 25 32 1.94 N.S. 
Low 7 '21 
10. High 1 27 Rejected 0 7 
Low 0 28 
11. High 18 10 Accepted .30 42 4.58 5% 
Low "9 19 
12. High 23 5 Accepted 21 56 3.04 10o/0 
Low 16 12 
13. High 10 18 Rejected 0 32 
Low 10 18 
14. High 5 23 Rejected -23 19 
Low 2 26 
15. High 6 22 Rejected 0 7 
Low 1 27 
16. High 24 4 Accepted 72 46 23.17 1% 
Low 5 23 
17. High 22 6 Rejected 
-4 64 
Low 23 5 
18. High ll 17 Accepted 33 26 ll.31 1ro 
Low 0 28 
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ITEH RIGHT \.ffi.ONG DISCRll-HNATION DIFFICULTY LEVEL OF SIGNIFICA}..TCE 
19. High 19 9 Accepted 54 39 22.48 1ro 
Low 1 27 
20. High 3 25 Rejected 
Low 1 27 -12 28 
21. High 1 27 
Low 13 15 Accepted 41 32 11.52 . 1% 
22. High 23 5 13 59 
Low 18 10 Rejected 
23. High 20 8 Accepted 25 47 4.tr2. 5o/o 
Low 11 17 
24. High 12 16 
Low 8 20 Accepted 20 33 .70 
25. High 21 7 Accepted 
Low 13 15 19 51 3.67 8o/o 
26. High 20 8 
Low 16 12 Rejected 12 53 
27. High 5 23 Rejected 
Low 1 27 -23 25 
28. High 6 22 
Low 3 25 Rejected 0 7 
29. High 23 5 
Low 16 12 Accepted 20 56 3.04 10% 
30. High 5 23 
Low 1 27 Rejected -27 25 
31. High 7 21 
LO\v 4 24 Rejected 8 11 
32. High 24 4 
Low 19 9 Rejected 5 58 
33. High 19 9 Accepted 3.52 8o/0 
Low 11 17 22 46 
34. High 14 · 14 
LmoT 5 23 Accepted 43 32 5ol0 4o/o 
35. High 18 10 Rejected 
Low 19 9 -6 53 
36. High 13 15 
Low 2 26 Accepted 38 30 6. 63 lo/o 
37. High 6 22 Rejected 0 7 
Low 1 27 
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Im1 RIGHT ·JRONG DISCRTI-UNATION DIFFICULTY lEVEL OF SIGNIFICANCE 
38. High 14 14 Rejected -4 45 
Lmv 15 13 
39 . High 14 14 Accepted 4J. 32 6. 63 1% 
Lo'W' 4 24 
40 . High 23 5 Rejected 9 63 
Low 21 7 
4]. . High 12 16 Accepted .38 30 10.02 lo/o 
Lov 1 27 
42 . High 15 13 Accepted 45 34 4.88 5o/o 
Low 6 22 
43 . High 19 9 Accepted 18 48 2. 60 12o/0 
Low 12 16 
44. High 22 6 Rejected 16 55 
Lw 16 12 
45 . High 10 18 Rejected 6 30 
Lw 9 19 
46. High 26 2 Accepted 38 59 9 .11 19'o 
Low 15 13 
47. High 5 23 Rejected -18 17 
Low 3 25 
48 . High 13 15 Accepted 20 33 1 .. 22 N.S. 
Low 8 20 
49. High 23 5 Re jected 13 59 
Low 18 10 
50 . High 17 11 Accepted 36 38 5.9 2o/o 
Low 7 · 21 
51 . High 10 18 Rejected -10 36 
Lmr 12 16 
52 . High 25 3 Accepted 17 53 8.45 1o/o 
Low 14 14 
53 . High 22 6 Accepted 33 47 8.82 1?'o 
Low 10 18 
54. High 6 22 Accepted 0 7 2. 61 12?'0 
Lovr 1 27 
55 . High 0 28 Rejected 13 31 
Lmv 3 25 
56. High 21 7 Accepted 17 53 1.94 
Low 15 13 
57. High 1 27 Accepted 31 2 0 
Low 2 26 
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ITEH RIGHT HRONG DISCRTIHNATION DIFFICULTY LEVEL OF SIGNIFIC 1CE 
58. High 23 5 Rejected 4 63 
Low 21 7 
59. High 3 25 Rejected -11 28 
Low 1 27 
60 . High 4 24 Rejected -12 24 
Low 2 26 
61 . High 5 23 Rejected -13 15 
Low 4 24 
62 . High 17 11 Accepted 32 39 4.62 1% 
Low 8 20 
63 . High 6 22 Rejected 0 7 
Low 4 24 
64. High 12 16 Accept~d 22 30 1.27 N.S. 
Low 7 21 
65 . High 6 22 Rejected 0 7 
Low 4 24 
66. High 9 19 Rejected 9 24 
Low 7 21 
67. High 24 4 Rejected 9 66 
Low 22 6 
68. High 24 4 Accepted 20 60 
Low 18 10 
69 . High 9 19 Accepted 23 20 .86 N.S . 
Lovr 5 23 
70 . High 16 12 Rejected 7 45 
Low 13 15 
71 . High 12 16 Rejected 36 28 
Low 5 23 
72. High 13 15 Accepted 20 33 7.09 1% 




~ RIGHT WRONG DISCRllHNATION DIFFICULTY LEVEL OF SIGNIFICANCE 
1 . High 28 0 Accepted 44 65 8.47 lo/o 
Low 19 9 
2. High 25 3 Accepted 19 64 1.81 N.S. 
Low 20 8 
3. High 20 8 Accepted-Conflicting 13 52 
Low 15 13 category changed. 
4 · High 28 0 Accepted 47 66 9.86 1o/o 
Low 18 10 
5. High 28 0 Accepted 36 72 5.88 5o/o 
Low 21 7 
6. High 19 9 Accepted 32 43 5.79 5<t'o 
Low 9 19 
7. High 9 19 Accepted-Conflicting 21 17 
Low 6 22 category changed 
8. High 27 1 Accepted 24 70 3. 65 8o/o 
Low 21 7 
9. High· 16 12 Accepted 19 4D 1.79 N.S . 
Low 10 18 
10. High 13 15 Accepted 35 31 4.01 5% 
Low 5 23 
11. High 11 17 Accepted 33 26 1 .35 N.S. 
Lo1rr 6 22 
12. High 18 10 Accepted 28 42 4. 58 5<t'o 
Low 9 19 
13 . High 27 1 Accepted 8 80 
Low 26 2 
14. High 4 24 Accepted-Conflicting 0 7 
Low 0 28 category changed 
15. High 26 2 Accepted 4D 57 10. 59 1% 
Low 14 14 
16. High 20 8 Accepted 30 46 5.81 5?'o 
Low 10 18 
17. High 9 19 Accepted-Conflicting 23 28 
Low · 7 21 category changed. 
18. High 6 22 Accepted-Conflicting -11 13 
Low 7 21 category changed. 
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Imi RIGHT WRONG DISCRTIHNATION DIFFICULTY LEVEL OF SIGNIFICANCE 
19. High 3 25 Accepted-Conflicting 15 9 
Low 5 23 category changed. 
20. High 15 13 Accepted 33 35 3.67 8o/o 
Low 7 21 
21 . High 15 13 Repaired-Conflicting 45 34 
Low 5 23 categories-Sense and 
Respiration 
22 . High 28 0 Accepted 45 66 8.47 1% 
Low 19 9 
23 . High 28 0 Accepted 35 '7Z 5.88 5o/o 
Low 21 7 
24. High 27 1 Accepted 45 &J 11. 52 lo/o 
Low 15 13 
25. High 6 22 Repaired-Conflicting 0 7 
Low 3 25 category-Carbohydrate 
26. High 26 2 Accepted 1.2 56 ;12 .16 1% 
Low 13 15 
27. High 4 24 Repaired-Conflicting -24 21 
Low 9 19 categories-System 
and Senses 
28 . High 26 2 Accepted 43 56 13.84 lo/o 
Low 12 16 
29. High 26 2 Accepted 37 59 9.ll lo/o 
Low 15 13 
30. High 21 7 Repaired-Conflicting 9 58 
LovT 19 9 categories-Carbohydrate 
and Photosynthesis. 
31 . High 22 6 Accepted 53 45 14.02 lo/o 
LoY 7 21 
32. High 9 19 Repaired-Conflicts with 6 25 
Low 8 20 category-Photosynthesis 
33. High 26 2 Repaired-Not included 42 56 
Low 13 15 on book lists 
34. High 14 14 Accepted 1J3 31 5.10 5ro 
Low 5 23 
35. High 16 12 Accepted 1J3 35 9. 41 1% 
Low 4 24 
36. High 9 19 Repaired-Conflicting 24 21 
Low 2 26 categories-Carbohydrate 
and Photosynthesis 
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ITEt-1 RIGHT~ DISCRJNINATION DIFFICULTY LEVEL OF SIGNIFICANCE 
37. High 27 1 Repaired-Conflicting 33 65 
Low 19 9 categories-Circulatory 
and Respiratory 
38 . High 27 1 Accepted 43 61 10.02 lo/o 
Low 16 12 
39 . High 26 2 Accepted 25 64 4.07 5'/o 
Low 19 9 
40 . High 1 27 Repaired-Conflicting 0 7 
Low 1 27 categories-Circulatory 
and Respiration 
41 . High 25 3 Repaired-Too easy 13 68 
Low 22 6 
42 . High 27 1 Accepted 
-3 84 
Low 27 1 
43 . High 27 1 Accepted 
-3 84 
Low 27 1 
44. High 7 21 Accepted-Conflicting 11 13 
Low 6 22 category changed 
45 . High 3 25 Accepted -1 73 
Low 3 25 
46. High 27 1 Accepted 58 54 20 .39 1% 
Low 10 18 
47. High 1 27 Accepted 0 7 
LovT 0 28 
48 . High 17 11 Accepted -4 52 
Low 18 10 
49 . High 15 13 Accepted 18 38 1 .82 15o/0 
Low 9 19 
50 . High 23 5 Accepted-Conflicting 9 61 
Low 20 8 category changed 
51 . High 15 13 Accepted 44 33 7. 97 lo/o 
Low 4 24 
52. High 27 20 Repaired with seeking 31 69 4. 77 5'f'o 
Low 20 8 omitted because of 
not being listed 
53 . High 2 26 Accepted 0 7 
Low 1 27 
54. High 27 1 Accepted 72 52 24. 68 1ro 
Low 8 20 
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ITEM RIGHT WRONQ DISCRJMINATION DIFFICULTY LEVEL OF SIGNIFICANCE 
55. High 18 10 Accepted-Conflicting 3 51 
Low 17 ll category changed 
56. High 19 9 Repaired-Conflicting ll 49 
Low 14 14 categories-Sound and 
Pressure 
57. High 2 26 Repaired-Too difficult- 0 7 
Low 3 25 also same as Item 45 
in concept 
58 . High 19 9 Accepted 43 40 8. 69 lo/o 
Low 7 21 
59. High 25 3 Repaired-Same principle 43 61 
Low 18 10 as Item 52 
60 . High 22 6 Accepted 18 55 2.05 15ro 
Low 16 12 
61. High 16 12 Repaired-Conflicting 0 45 
Low 16 12 categories~gnesium 
and Aluminum 
62 . High 13 15 Repaired-Conflicting 39 30 
Low 2 26 categories-Carbon, 
Chlorine and Nitrogen 
63 . High 25 3 Repaired- Too easy 13 68 
Low 22 6 
64. High 9 19 Repaired-Conflicting 24 21 
Low 3 25 categories-Oxygen, 
Carbon and Nitrogen 
65 . High 2 .26 Repaired-Conflicting 0 7 
Low 2 .26 categories-Aluminum, 
Tungsten and Magnesium 
66. High .23 5 Repaired- Not listed 39 49 
Low 10 18 in books 
67. High .25 3 Accepted 37 55 9. 91 1% 
Low 13 15 
68 . High 6 .22 Accepted 0 7 
Low 1 27 
69 . High 4 24 Accepted 0 7 
Low 1 27 
70 . High 4 24 Repaired-Conflicting 0 7 
Low 2 26 categories-Oxygen and 
Nitrogen 
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ITEM RIGHT vJRONG DISCRJlvliNAT ION DIFFICULTY LEVEL OF SIGNIFICANCE 
71. High 23 5 Repaired-Conflicting 8 61 
Low 20 8 categories-Oxygen 
and Nitrogen 
72 . High 9 19 Accepted -1 28 
Low 9 19 
73. High 20 8 Accepted 57 44 18.89 lo/o 
Low 3 25 
74. High 27 1 Accepted 40 62 8. 59 5o/o 
Low 17 11 
75 . High 15 13 Repaired-Conflicting 44 33 
LovT 5 23 Better terms 
76. High 26 2 Repaired- Too easy 14 70 
Low 23 5 
77. High 28 0 Accepted 21 81 
Low 25 3 
78 . High 28 0 Accepted 47 65 9.86 lo/o 
Low 18 10 
79 . High 27 1 Accepted 20 73 
Low 23 5 
80. High 18 10 Accepted 4 51 
Low 18 10 
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Part I . Thirty-six items were stricken from Part I 
as not having met the discriminative criteria previously 
described leaving a residue of 36 items to be used on the 
final test for Part I . 
Part II . In Part II a total of 24 items were 
repaired for the following reasons : 
1 Item (57) was too difficult . 
3 Items (41,63 , 76) were too easy. 
16 Items (21,25 , 27 , 30 , 32 , 36 , 37 , 40, 
56,61 , 62 , 64 , 65, 70 , 71,75) were ambiguous . 
3 Items (33 , 52 , 66) were not in book list . 
l Item (59) was duplicating concept . 
Parts I and II . With careful consideration given to 
. . 
the statistical weighting of each individual item in addi-
tion to the necessary psychological insight referred to in 
the review of the literature there remained a residue of 
116 items to be used f or the final test with Population II . 
The Spearman- Brown Correction Formula was applied to 
the correlation coefficient • 7 38 and resulted in a corrected 
reliability coefficient of . 849 for the pi lot test . 
The Pearson Product oment Formula was used to 
determine the necessary correlation coefficients between 
the experimental pilot test and the following: Read General 
Science Test , Teachers ' Grades and Intelligence Quotients . 
Table II 
Correlations of Experimental Tes t with a Standardized Test , 
Teachers r Grades and Intelligence Quotients 
Read General Science Tes t N - 92 r - · 755 
Teachers' Grades N - 92 r - . 593 
Intelligence Quotients N - 92 r - . 630 
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The above r's are significant at the 1% level when 
the value of the population r is zero . 
The correlation coefficient of . 755 indicated a high 
validity for the experimental test . 
The correlation coefficient of . 593 further estab-
lished the validity of the experimental test . 
The correlation coefficient of . 630 indicates that 
the intelligence test appears to yield a different kind 
of information than that of the experimental test . 
Giving the final test . In a representative mid -
western suburban school located north of Chicago the final 
test was administered to 593 science students at the end of 
their ninth year . Population II represented nine different 
public schools located in five different suburbs spread 
over an area of forty square mi l es . Nine per cent had 
graduated from thirteen different parochial schools . 
For each of the 593 students the current intelligence 
quotients , l3 teachers ' grades and the reading scoresl4 were 
also recorded for later calculation of correlation coef-
ficients . 
Unlike other schools where the principal only may 
consider the merit of a study, the superintendent invited 
the writer to meet with his twelve department heads , all of 
l3Terman- IV1cNemar Test of }1ent al Ability, Form D, 
World Book Company, Yonkers - On-Hudson, New York, 1941. 
l4Diagnostic Reading Tests - Survey Section, Form A. 
Science Research Associates Incorporated , Chicago , Illinois, 
1947 · 
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whom had their doctorate degrees in education. This group 
discussed the test in detail . 
They agreed upon converting the ra1..r scores into 
percentile scores for the benefit of their teachers and 
counselors . They also suggested that it would help them 
in their own articulation to know if there were any sig-
nificant differences in the scores of the boys and girls . 
Although the writer did not have intentions of converting 
raw scores into percentiles or comparing the achievement 
of boys and girls because it appeared to be outside the 
scope of this study, he agreed to these statistical 
analyses in an effort to help meet the needs of this group. 
The final correc ted test was administered at the 
end of the ninth grade by the head of the guidance depart -
ment , a doctor in guidance and testing , his staff , and 
with the aid of the science teachers . Directions and 
instructions were read directly from the instrument ' s 
general instruction sheet thereby helping to keep constant 
test conditions . The writer was permitted to be present 
during roost of the testing thus enabling him to note both 
the v-10rking of time liroi ts as well as the c l arity of 
instructions and the attitude of the testees . Both the 
writer ' s instrument and the Read General Science Tests 
were administered within one week. During the following 
week the vJriter was permitted to test 83 testees who had 
been absent . Since these absentees were tested in groups 
of five to fifteen students , this again enabled him to 
gain a closer insight with regard to student feelings 
throughout the test . 
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The head of the guidance and testing department and 
some of the science teachers of students tested indicated 
that the instructions were clear and concise . l5 They also 
felt the time of fifty minutes was ample to permit students 
to complete the test with sufficient time for many of them 
to check their work. Student reaction to time allotment 
was also favorable . 
Treatment of data for final test . Essentially the 
final test received exactly the same treatment of data as 
did the pilot test ; however there was a different emphasis 
on the data . The main emphasis on data in the pilot study 
was on building the final test . The validity and relia-
bility were important but were dependent in the final sense 
upon how well all the necessary factors would be incor -
porated into the final test . 
In the treatment of the final test the emphasis was 
on the determination of the norm, the mean and standard 
deviation, to refute the stated null hypothesis , to estab-
lish statistical reliability and validity, and to analyze 
statistically the effectiveness of the test's discrimina-
tive ability. The statistical tools used to bring about 
this treatment are described in the next chapter. 
15See Append ix A, page 104. 
CHAPTER IV 
ANALYSIS OF DATA 
The purposes of this study were (l) to develop a 
vocabulary test in science and determine its validity and 
reliability when applied to a selected sample of pupils at 
the end of the ninth grade and (2) to establish a norm for 
this test for the end of the 9th grade . For these 
purposes the information and data collected were analyzed 
to determine : 
1 . Means and standard deviations . 
2 . Null hypothesis . 
3· Coefficients of validity between the Junior High 
Science Achievement test scores with the Read 
General Science test scores , a nationally 
standardized science achievement test . 
4•. Coefficients of validity between the Junior High 
Achievement test scores and the Teachers' Grades . 
5. Coefficients of correlation between the Junior 
High Science Achievement test scores and Reading 
scores and Intelligence Quotients from a group 
intelligence test . 
6. Significant correlation coefficients existing 
between any part of the Junior High Science 
Achievement test scores and the Intelligence 
Quotients . 
7• Corrected reliability coefficients corrected by 
the Spearman-Brown Correction Formula . 
8. Internal consistency of individual items in 
Junior High Science Achievement Test . 
•9. Discriminative ability of individual items in 
Junior High Science Achievement Test to 
distinguish between upper and lower 27% of 
testees through chi square analysis . 
10. Difficulty and discrimination indices through 
the Davis technique . 
Chapter III notes that current intelligence 
quotients, teachers' grades and· reading scores were 
recorded at the time of testing to facilitate the above 
analysis. 
Norms . The norms are based on 9th grade students 
from five different suburbs covering forty square miles 
with an approximate total population of 120,000 . 
TABLE III 
Junior High Science Achievement Test Norms 
Mean ·Standard Deviation 
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Age - 177 . 83 months 
Part I. Total - 16. 91 
Part II . Total - 48 . 59 
~art I & Part II. · 
Grand Total - 65. 50 
Age -
Part I. 
Part II . 
Part I. & 
Grand 
5. 26 
Total - 5 . 14 
Total - 10 .06 
Part II. 
Total - 13.54 
Null hypothesis . The null hypothesis asserts that 
the value of the population r is zero; or that there is no 
statistically significant correlation between the Read 
General Science Test and the Junior High Science Achieve-
ment Test . The obtained r is . 740 . According to Garrettl 
1 Henry E. Garrett , Statistics in Psycholo~T and 
Education (New York: Longmans , Green and Co ., 195 I p:-202 . 
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with an N of 500 an obtained r of . 20 is very significant. 
Therefore the null hypothesis is refuted. 
From the following formula the standard error of 




SEM = . 60 . 
' Taking as our limits M ± 1.96~M' we have 65. 50 
+ 1. 96 x . 60 or a confidence interval marked off by the 
limits 64. 32 and 66. 68 . The probability (P) is . 95; 
therefore, our sample mean of 65. 50 does not miss the 
MPop by more than± 1. 18. The size of the probable 
deviation of a sample mean from its MPop is a measure of 
the efficiency with which we have been able from the 
sample mean to estimate the population mean. 
By applying the Pearson Product Moment Formula the 
various correlation coefficients were ascertained between 
the final test and their criteria. 
Garrett says:3 
It is customary in mental measurement to 
describe the correl~tion between two tests in a 
general way as high , marked or substantial , low 
or negligible. While the descriptive label 
applied will vary somewhat in meaning with the 
2 Ibid. , P• 200 . 
3Ibid. , pp. 175-176. 
author using it , there is fairly good agreement 
among workers with psychological and educational 
tests that an 
r from . oo to + . 20 denotes indifferent or negligible 
relationship ; 
r from +. 20 to + . 40 denotes low correlation; 
present but slight; 
r from ±•40 to + . 70 denotes substantial or marked 
relationship; 
r from ±• 70 to +1 . 00 denotes high to very high 
- relationship . 
r = 
N ZXY - (l:X) (~) 
• 
"The significance of an obtained r may be tested 
also against the hypothesis that the population r is in 
fact zero . n4 " • •• a small r may be significant if 
computed from a very large sample . n5 
The r values were computed from an N of 500 and 
were all found to be significant at the 1% level of 
significance . 6 
The correlation coefficients with the criterion 
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scores of the Read General Science Test and the Teachers ' 
Grades are listed below in Table IV. 
4 Ibid ., P• 200 . 
5 Ibid ., P• 202 . 
6rbid . 
TABLE IV 
Correlations of Junior High Science Achievement Test 
with a Standardized Test and Teachers' Grades 
N 
Read General Science Testa 510 









aRead General Sc ience Test, Form AM, World ·Book Co . , 
Yonkers-On-Hudson, New York, 1951 . 
The correlation coefficient between the Junior High 
Science Achievement Test and the Read General Science Test 
established the validity of the Junior High Science 
Achievement Test with an r value of .740. The null 
hypothesis is refuted at the 1% level of confidence . 
The correlation coefficient between the Junior High 
Science Achievement Test and Teachers' Grades established 
the validity of the Junior High Science Achievement Test 
with an r value of . 615 significant at the 1% level of 
significance . 
Henry Chauncey says: 7 
There are advantages to test scores: They 
furnish at apy grade level a standardized 
comparable set of observations of pupils who 
may have had different teachers and come from 
different schools w~th different marking 
systems. They are unaffected by any 
disciplinary element such as may affect 
course grades. 
7Henry Chauncey, ££• cit., p . 29. 
The coefficients of correlation were obtained with 
Reading scores ana Intelligence Quotient scores from a 
group intelligence test . 
TABLE V 
Correlations of the Junior High Science Achievement Test 
with a standardized reading test 
ana a standardized intelligence test 
Diagnostic Reading Testa 
S. R. A. 
Vocabulary 
Comprehension 













~iagnostic Reading Tests - Survey Section, For.m A, 
Science Research Associates Incorporated , Chicago , 
Illinois , 1947· 
. bTerman-McNemar Test of Mental .Ability, Form D, 
World Book Co ., Yonkers-On-Hudson, New York, 1941. 
The above Vocabulary , Comprehension, ana total 
Reading Scores indicate a marked relationship exists 
between them ana the Junior High Science Achievement 
Test . Interpreted in this light, it was reasonable 
t o expect a marked relationship between these criteria 
but not necessarily an extremely high relationship . 
The correlation coefficients may have been reduced aue 
to the limiting or control of the reading scores as 
indicated in the previous chapter . 
The correlation coefficient of . 606 between the 
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Junior High Science Achievement Test and the Intelligence 
Quotients indicated that there appears to be different 
information yielded by I . Q. scores and those of the Junior 
High Science Achievement Test . 
Comparison of the correlation coefficient of the 
Terman- McNemar Test of Mental Ability with the area of 
physics as compared to the other three areas of the 
Junior High Science Achievement Test is particularly noted 
in Table VI , below. 
TABLE VI 
Correlation Coefficients of the Terman-McNemar Test of 
Mental Ability with Sub- scores in the Areas of Earth 
Science , Biology, , Physics , and Chemistry in the Junior 
High Science Achieyement Test 
N r Significance 
Earth Science 510 
-371 1% 
Biolog~ 510 · 371 1% 
Physics 510 . 527 1% 
Chemistry 510 . 297 1% 
The coefficient of correlation of the Terman-
McNemar Test of Mental Ability with the area of physics 
in the Junior High Science Achievement Test appears t o 
indicate a much closer relationship to mental ability 
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than do the areas of biol ogy, earth science , or chemistry , 
with an r value of . 525. 
The area of physics indicates a substantial 
relationship to mental ability . The areas of earth 
science , biology, and chemistry indicate that there 
is a slight relationship present with mental ability. 
Remmers succinctly explains the Spearman-Brown 
Prophecy Formula as follows :8. 
The split halves method of estimating reliabil-
ity also yields what is sometimes referred to as a 
coefficient of equivalence . This method divides 
the items of a single test into halves , usually by 
pooling the odd- numbered items for one score and 
the even- numbered items for another score . · This 
usually makes the two scores obtained from a single 
testing reasonably equivalent in such respects as 
practice , fatigue , distractions , boredom, mental 
set , item difficulty and content . After the test 
bas been given to a group of pupils , two scores are 
obtained for each pupil, one on the odd-numbered 
and the other on the even- numbered items . The 
agreement between these two scores on the same 
test , as determined by a correlation coefficient , 
reflects the reliability of half the test . 
Since this reliability holds only for half of 
the whole test , the reliability of the whole test 
must still be obtained . This is so because the 
reliability of tests increases with the number of 
functioning items they contain; hence the reliabil-
ity of a half test is lower than that of the whole 
test . But a technique is available for estimating 
the reliability of a whole test from that of its 
halves . This technique , the Spearman- Brown 
prophecy formula , requires merely the substitution 
8 . 
H. H. Remmers , N. L. Gage and J . Rancis Rummel, 
A Practical Introduction to Measurement and Evaluation 
TNew York : Harper & Bro~hers , Publishers~960), 




of the calculated reliability of the half test in 
the following equation in order to estimate the 
reliability of the whole test . 
nr 
Reliability of lengthened test = 1 + (n _ l)r 
where n = number of times test is lengthened 
r = original reliability coefficient . 
When the r is between scores on two half tests , 
this formula becomes: 
Reliability of whole test 
2(reliability of half test) 
= --------------~----------~- • 
1 + (reliability of half test) 
Spearman-Brown Prophecy Formula 
• • • The formula has been found experimentally to 
give results in close agreement with .the actual 
reliabilities of whole tests; that is predicted and 
obtained whole test reliabilities have been found 
to be approximately the same . 9 
••• From 50 to 100 items the reliability of a 
test improves considerably, but from 150 to 200 
items there was very little increase in the 
reliability coefficient . lO 
"The split-half method is regarded by many as the 
of the methods for measuring test reliability. 1111 
2r 
r = • 1 + r 
The self-correlation of the half test resulted in 
high correlation coefficient of r = • 764. 
10Ibid ., p . 123. 
l.laarrett, .2£• cit. , p . 340 . 
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TABLE VII 
Spearman-Brown Prophecy Formula 
and 
Corrected Coefficient 
Part I Odd ' l . Part II Odd 3· Part I + II Odd 5. 
Even 2. Even 4 . Even 6. 
The lower cell is the corrected correlation coefficient . 
1 2 3 
-!t 5 6 
1. 000 
-574 -470 · 373 · 747 . 512 
1 . 729 . 640 . 543 . 855 . 677 
. 574 1. 000 . 513 . 448 . 620 -741 
2 .729 . 679 
-
• 619 
-765 . 851 
-470 . 513 1. 000 -725 - 933 • 752 
_l_ . 640 . 679 . 841 . 965 . 859 
-373 . 448 -725 1. 000 . 686 - 933 
.lL -543 . 619 . 841 . 813 . 965 
-747 . 616 . 933 . 686 1. 000 
. 76i 
_2_ . 855 . 765 . 965 . 813 . 86 
. 512 · 741 -752 -933 -764 1.000 6 . 677 . 851 . 859 . 965 . 866 
The data indicated below include the lowest 25%ile 
of the readers . 
1. 000 . 606 . 519 
· i3l . 761 . 555 l . 755 . 683 • 02 . 864 • 714 
-
. 606 1. 000 
-537 
· i93 . 633 · 751 2 
-755 . 698 • 61 · 775 . 858 
. 519 .537 1. 000 · 175 • 946 -790 
_l_ . 683 . 698 ~ 873 
-972 . 883 
· i3l ·i93 -775 1.000 • 741 . 945 
.lL • 02 • 61 . 873 . 851 -972 
-761 . 633 • 946 
-741 1. 000 . 801 
_2_ . 864 
-775 • 972 . 851 . 889 
. 555 -751 -790 . 945 . 801 1. 000 
6 • 714 .858 . 883 
-972 . 889 
After the Spearman- Brown Correction Formula is 
applied to this correlation coefficient the reliability 
coefficient of the whole test may be estimated as 
r = . 866 . 
Note that the r value of . 764 corrected by the 
correction formula to . 866 does not include the testees 
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whose reading scores were in the lowest quartile as 
indicated by national norms . 12 However with the retention 
of these testees lower in reading ability the r value of 
the half test rises to . 801 and when corrected now has a 
high r value of . 889 . 
Concerning evaluation deyices and range of talent 
Remmers says : 13 
Obviously devices are never perfectly reliable . 
How reliable a test may be and still be useful 
depends mainly on the fineness of discrimination 
desired from the test scores . In general most 
standardized tests published for school use 
(achievement , primarily) have reliability 
coefficients of at least . 80 in the population 
for which they are designed . For research 
purposes tests may be useful if their reliability 
coefficients fall as low as . 50 , especially if 
group performance only is at issue . 
The range of talent , achievement , or ability 
of the pupils on whom the reliability is based 
has a direct effect on the reliability coefficient . 
Consequently , the reliability coefficient of a 
test given to several grades is higher than that 
12see page 40 . 
13Remmers , ££• cit ., pp . 123- 124. 
of the s~e test given to a single grade because 
the rapge of achievement is larger in the first 
case . l4 
The reliability coefficient of the final test was 
determined from a test given to only a single grade ; 
therefore it is probably lower than if it was given to 
several grades. 
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In comparing the reliability coefficients of Part I 
and Part II omitting testees scoring in the lowest quartile 
in an SRA diagnostic reading test15 the results are as 
follows : 
Part I r = . 574 
Corrected r = . 729 
Part II r = . 725 
Corrected r = . 841 
In extending the range of reading scores when 
including the lowest quartile of readers the results 
affect the coefficient positively . 
Part I r = . 606 
Corrected r = . 755 
Part II r = . 775 
Corrected r = . 873 
The correlation coefficient of . 873 indicates the 
high degree of reliability of the Junior High Science 
Achievement Test. 
Garrett16 suggests the use of Standard Error as a 
measure of the error made in taking an obtained score as 
an estimate of its true score . He continues by saying 
14Ibid . 15s . R. A., loc . cit . 
l6Garrett , ££• cit ., pp . 350- 351 . 
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that his SEse is a better way of expressing the reliability 
of a test than is the reliability coefficient, as it takes 
into account the variability within the group as well as 
the self correlation of the test. 
The effects of variable or chance errors in pro-
ducing divergences of test scores from their true values 
is given by the following formula: 
(standard error of an obtained score) 
in which 
o-sc = the SE of an obtained score (also called the SE of measurement) 
= the standard deviation of test scores 
(Test 1) 
= the · reliability coefficient of Test 1. 
The subscript sc indicates that this SE is a 
measure of the error made in taking an obtained 
score as an estimate of its true score . 
Using this formula to obtain the SEse of the Junior 
High Science Achievement Test with an obtained score of 
65. 50 (the mean score) it could be said the . 95 confidence 
interval is 65. 50 + 1. 96x4. 49 or 56.7 to 74.30. 
The statistical technique used to determine whether 
each item on the final test was capable of distinguishing 
the upper from the lower 27% of the students and whether 
the observed frequencies will deviate significantly from 
a theoretical or expected population is chi square. The 
X2 values were computed for 500 degrees of freedom. 
Chi Square Testl7 
General Formula 
'X2 = L (fo - fe)2 
fe 
where f 0 = observed frequency fe = the corresponding expected frequency . 
When entries in a fourfold table are quite small 
Yates' correction for continuity should be applied . 
2 X 2 Yates' Correction18 
N2 
2 N( lao - be l - 2 ) 
X. = (a - b)(a - c)(b - a)(c-a) • 
l7Ibia ., P• 253 . 





































Part I Items 1 - 36 
Upper and lower 27% Chi Square Test 
-i~ Significant at 5% level 
i~Significant at 1% level 
3. 84 
6. 635 
Chi Square Level of Significance 
5% 1% 
1. 86 
24 - 74 
18. 98 
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TABLE IX 73 
Chi Square Data for Junior High Science Achievement 
Part II Items 1 - 80 
Test 
Upper and lower 27% Chi Square Test 
i:· Significant at .5% level 3-84 
iH:·Significant at 1% level 6. 635 





1. 26. 03 i' ,,. 41 . .56. 93 ~H!-M' 
2. . oo 42 . 63 . 21 ;~~} 
3· 23. 81 ~'"* 43 · 79 -37 ~(-~ 
4. 1.5. 81 ~~ 44· 81 • .54 i~:i-5. 16. 43 i:-* 4.5. . 25 
6. 28 . 40 ~~~ 46. .56. 93 ih':· 
?. 2t· ~9 ~~~- 47 · 13. 82 ·!C.* 8. 2 • 9 ~H~ 48 . 6? . 60 it* 
9. 29 .49 ·"" 49 . 71. 87 iH} "--~ 10 . 1.5. 93 ~~ .so . 
-54 11. 6. 40 oil- 51 . .57 . 34 "" '1~A·
12. 12. 43 
** 
52 . .53. 02 i'"* 13. 38 .49 -;H~ 53. 72 . 26 iH<-
14. 9. 28 ~· 54· .5.5. 37 iH!-1.5. 8. ?.5 -:H~ 55. 42. 29 ~'"i"' 16. 11. 57 *i' 56. . 26 ~
17. 36. 99 i~~ 57 . 86. 74 . -ih'1-
18 . 29. 48 ~y~ 58 . 2l. ii *:,~ 19. 62. 38 -~* 59 . .5. 1 il-
20 . 6.5. 68 ~...,~ 60 . 2~ . 62 iHl-21 . 22. 11 ~H:· 61 . 6 . 96 -~~':-
22. 8. 31 i~:c- 62. 32-4.5 ~~ 23 . 37 . 06 ~H~ 63. 23 • .51 it-~· 
24. 26. 07 -~~~ 64. 2. 82 
2.5. 50. 96 ,, ,_, 6.5 . .5. 98 
* 
-en.-
26. 17. 36 ~-U· 66. 31. 61 iHt-
27 . 19. 88 -:~~· 67 . 4- 70 .. "'"" 28 . 43. 20 ~'"* 68 . 43-71 iHl-29 . 17. 40 ,, ,, 69 . .5. 16 .. 'lM~ ~~ 
30 . .56. 87 i:-'~- 70 . 3. 90 -~ .. 
31 . 3.5. 86 ·~ 71 . 20 .49 ~i-~i-32. . 39 72 . 53. 52 i~~-33 . 29 . ~9 ~:- 73 · 4. 73 * 34. 27 . 0 ~~~ 74· 2. 91 3.5. 9.5. 89 
** 
7.5. 34. 78 t'~~ 
36. 8. 7.5 ~:~~ 76. 20 . ,50 i:~"'-
37 · 19. 25 .. '-r....:-~ 77 · 6. 44 i(o .... 38 . 4-.59 ;~ 78 . 27 . 02 ,..,~~~ jl- 4\ 
39· 41. 25 ~-;~· 79 · 9. 82 i'~Co-40 . 29. 07 ,, ,, 80. 23. 39 , .. ,, -.n( ~n~ 
Chi square data . The internal consistency of the 
individual ite~ on the Junior High Science Achievement 
Test is determined by their ability to discriminate 
between pupils ranking high and those who rank low on 
the test as a whole . 
74 
Ninety-five items out of 116 items or 81 . 89% of the 
items are able to discriminate at the 1% level between the 
pupils who are high scorers and those who are low 'scorers 
on the Junior High Science Achievement Test . 
Nine items out of the 116 items or 7. 75% of the 
items are able to discriminate at the 5% level between the 
pupils who are high scorers and those who are low scorers 
on the Junior High Science Achieveme.nt Test . 
Twelve items out of the 116 items or 10.36% are not 
able to discriminate between the pupils who rank high 
(upper 27%) and those who rank low (lower 27%) at either 
the 1% or 5% level of significance . 
Item analysis . The figures obtained from the 
application of the formulas indicated below were used 
to enter a table of discrimination and difficulty indices 
devised by Frederick Davis of Harvard University School 
of Education. 19 This table accompanies his booklet on 
l9Frederick B. Davis, Item-Analysis Data Their 
Computation, Intefaretation, and Use in Test Construction 
(Cambridge: Harvar University, 1945) . 
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Item Analysis Data and was used throughout this section. 
Fbr each of the 116 items of the Junior High Science 
Achievement Test the proportion of successes in the highest 
and lowest 27% which allowed for corrections for guessing 
and chance was computed . 
For the highest For the lowest 
27% of the sample : 27% of the sample: 
w w RH - ___!L RL - L 
PH = K- 1 PL = K:-r 
NH - · NRH NL - NRL 
where : 
NH = · the number of testees in the highest 27% of the 
sample , 
testees in the highest 27% RH = the number of of the 
sample that answer the item correctly, 
Wir = the number of testees in the highest 27% of the 
NRH 
sample that answer the item incorrect~, 
= the number of testees in the highest 27o of the 
sample that do not reach the item .in the time 
limit , 
27% of NL = the number of testees in the lowest the 
sample , 
RL = the number of testees in the lowest 27% of the 
sample that answer the item correctl-y: , 
\vL = the number of testees in the lowest 27% of the 
sample that answer the item incorrectly, 
NRL = the number of testees in the lowest 27% of the 
sample that do not reach the item in the time 
limit, 
choices in the item. 20 K = the number of 
"Items with discrimination indices above 20 will 
ordinarily be found t o have sufficient discriminating 
power for use in most achievement and aptitude tests . n 21 
20~., P• 30 . 21Ibid ., P• 15. 
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11 It is well known that a single item's discrimination 
power is maximized when the item is used in a sample in 
which .50% of the testees know the correct answer . " 22 
22 Ibid ., P• 21 . 
TABlE X 77 
Item-Anal;z12is Difficult:z and Discr:i.m.inat;!.on Indi~ 
Part I. 
Right Wrong Disc . Diff I Right Wrong . Disc. D;!.ff 1 
1. High 136 1 0 0 19. High 40 97 Too 
Low 137 0 Low 5 132 Difficult 
2. High 64 63 47 30 20. High 53 84 Too 
Low 28 109 Low 15 122 Difficult 
3. High 91 46 22 45 21. High 96 41 44 43 
Low 54 83 Low 37 100 
4. High 132 5 29 68 22. High 58 79 Too 
Low 100 37 Low 8 129 Difficult 
5. High 94 43 Too 23. High 80 57 24 36 
Low 23 114 Difficult Low 40 97 
6. High 73 64 50 33 24. High 120 17 18 62 
Low 27 no Low 96 41 
7. High 99 39 22 49 25. High 33 104 9 12 
Low 65 72 Low 29 108 
8. High ll7 20 29 60 26. High 125 12 46 54 
Low 83 54 Lov 56 81 
9. High 107 30 33 48 27. High ll9 18 47 46 
Low . 52 85 Low 38 99 
10. High 88 49 Too 28. High 107 30 29 50 
Low 26 lll Difficult Low 58 79 
ll. High 80 57 45 36 29. High 45 92 Too 
Low 31 106 Low 13 125 Difficult 
12. High 21 ll6 Too 30. High 100 .36 9 55 
Low 34 103 Difficult Low 86 51 
13. High 108 29 32 52 31. High 37 100 -34 38 
Low 58 79 Low 80 57 
14. High 67 70 22 34 32. High 83 54 Too 
Low 38 99 Low 23 114 Difficult 
15. High 97 40 33 45 33. High 97 40 52 40 
Low 45 92 Low 31 106 
16. High 68 69 Too 34. High 115 22 16 60 
Lovt 4 1.33 Difficult Low 89 48 
17. High 95 42 27 49 35 . High 40 97 2 23 
Low 57 80 Low 38 99 
18. High 78 59 53 35 36. High 98 39 47 42 
Lov 29 108 Low 34 103 
TABLE XI 78 
Ite~Anal~~~~ Difficult~ and D~scrimination Indice~ 
Part II . 
Right Wrong Diec! Diff. Righl! Wrong Disc 1 pj,ff . 
1. High ill 26 9 52 20. High 128 7 40 59 
Low 70 67 Low 66 '71 
2. High 134 3 0 0 21. High 124 13 22 64 
Low 133 4 LO\T 91 46 
3. High 125 12 33 60 22 . High ll2 25 12 61 
Low 91 46 Low 90 47 
4. High 124 13 24 65 23. High 134 3 37 68 
Low 97 40 Low 96 4J.. 
5. High 134 3 23 75 24. High 136 1 32 75 
Low 113 24 Low 109 28 
6. High 96 4J.. 29 47 25 . High 135 2 40 66 
Low 51 86 Low 88 49 
7. High 133 4 33 70 26. High 123 14 20 66 
Low 104 33 Low 94 43 
8. High 134 3 35 73 27. High 135 2 36 75 
Low 104 33 Low l12 25 
9. High 105 32 19 55 28 . High 130 7 35 64 
Low 60 77 Lo"T 84 53 
10. High 82 55 18 46 29. High 74 63 21 42 
Low 48 89 Low 39 98 
11. High 43 94 16 29 30. High 134 3 44 64 
Low 24 113 Low 82 55 
12. High 125 12 18 68 31. High 135 2 38 70 
Low 102 35 Low 99 38 
13. High 114 23 27 55 32. High 48 89 -3 38 
Low 64 73 Low 54 83 
14. High 60 77 11 35 33. High 105 32 24 53 
Low 35 102 Low 6o 77 
15 . High 104 33 13 58 34. High 113 24 23 57 
Low 80 57 Low 71 66 
16. High 4J.. 96 31 25 35. High 107 30 50 46 
Low 17 120 Low 25 l12 
17. High 86 51 30 44 36. High 57 80 23 34 
Low 35 102 Low 33 104 
18. High 39 98 Too 37. High 96 4J.. 19 51 
Low 5 132 Difficult Low 59 78 
19. High 128 9 38 60 .38 . High 97 40 9 55 
Lo"T 68 69 Low 79 58 
TABLE XI (continued) 79 
Rj.gllt Wrong Dj.§c 1 Diff 1 Right Wrong Disc. Diff. 
39. High 132 5 36 67 60. High 114 23 22 58 
Low 89 4S Low 75 62 
40. High 129 8 27 66 61. High 76 61 Too 
Low 93 44 Low 11 126 Difficult 
41. High 121 16 30 60 62 . High 127 10 26 64 
Low 6.1. 76 Low 87 50 
42. High 77 6o 55 36 63. High 41 96 Too 
Lorr 14 123 Low 9 128 Difficult 
43. High 123 14 44 54 64. High 17 120 Too 
Low 51 86 Low 8 129 Difficult 
44. High 128 9 M 58 65. High 23 114 Too 
Lo'" 57 80 Low 9 128 Difficult 
45. High 7 130 14 3 66. High 124 13 27 62 
Low 10 127 Low 83 54 
46. High 121 16 34 55 67. High 46 91 12 31 
Low 61 76 Low 29 108 
47. High 126 11 18 68 68. High 124 13 33 6o 
Low 102 35 Lov 74 63 
48. High 106 31 38 48 69. High 16 121 Too 
Lov 37 100 Low 5 132 Difficult 
49. High 91 46 46 41 70. High 46 91 -10 41 
Low 21 116 Lou 63 74 
50. High 60 77 9 M 71. High 68 69 34 36 
Lovr 53 84 Low 31 106 
51. High 126 11 36 6o 72. High 127 10 37 61 
Low 68 69 Low 72 65 
52. High 131 6 38 64 73. High 55 82 10 36 
Lov 79 58 Low 37 100 
53. High 131 6 45 60 74. High 10 127 Too 
Low 67 70 Low 3 134 Difficult 
54. High 90 47 37 43 75. High 131 6 32 67 
Low 28 109 Low 92 45 
55. High 124 13 31 6o 76. High 111 26 20 58 
Low 75 62 Low 75 62 
56. High 133 4 40 70 77. High 80 57 10 47 
Low 101 36 Low 58 79 
57. High 111 26 53 46 78. High 132 5 30 70 
Low 33 104 Low 100 37 
58. High 128 9 37 68 79 . High 55 82 21 37 
Low 98 39 Low 30 107 
59. High 16 121 Too 80. High 86 51 21 46 
Low 5 132 Difficult Lov 45 92 
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Item-analysis results: The preceding tables indicate 
that: 
90 out of 116 items or 77 . 58% of the items 
have discrimination indices of 20 or more . 
6 out of 116 items or 5. 17% of the items 
have discrimination indices of 18 or 19 . 
20 out of 116 items or 17 . 24% of the items 
have discrimination indices below 18 . 
Percentile scores . It was decided at the time the 
writer's test was discussed in detail by a committee of 
twelve doctors in education that if the writer could 
develop percentile scores the following benefits might 
be derived from them: 23 
1 . This would be of considerable aid in helping 
the teachers of testees and counselors in their 
interpretation of test scores . 
2 . This would help in determining a range of scores 
on the test for the ninth grade level . 
3· This would help in determining, by virtue of the 
test's ceiling, certain selected high ability 
students . 
2
.3see page 56. 
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TABLE XII 
Percentile Scores, from Administration of ~ ~ 
Raw Cumulative Raw Cumulative 
Score !:~_g~encz:_ !::_e_g~~~r ~~~.!3-~nk Score !:~_g~~~r !:~~~~r ~~~.!3-~nk 
21 2 2 (:£) 13 161 32 
24 1 3 1 61 16 177 35 
26 2 5 1 62 9 186 36 
27 2 7 1 63 10 196 38 
29 2 9 2 64 17 213 42 
30 4 13 3 65 17 230 45 
31 1 14 3 66 22 252 49 
32 1 15 3 67 16 268 53 
34 3 18 4 68 15 283 55 
35 1 19 4 69 15 298 55 
36 1 20 4 70 15 313 61 
.38 1 21 4 71 15 328 64 
39 2 23 5 72 10 338 66 
40 1 24 5 73 21 359 70 
41 2 26 5 74 9 368 72 
42 4 30 6 75 16 384 75 
43 1 31 6 76 12 396 78 
44 7 .38 7 77 9 405 79 
45 3 .u 8 78 14 419 82 
46 3 44 9 79 14 433 85 
47 5 49 10 80 11 444 87 
413 7 56 11 81 12 456 89 
49 3 59 12 82 15 471 92 
50 7 66 13 83 9 4130 94 
51 5 '71 14 84 8 4138 96 
52 13 84 16 85 7 495 97 
53 8 92 18 86 2 497 97 
54 9 101 20 87 2 499 98 
55 9 no 22 88 1 500 98 
56 8 118 23 89 5 505 99 
57 8 126 25 91 1 507 99 
58 7 133 26 93 2 509 99 
59 15 1413 29 94 1 510 99+ 
The following formulas helped to determine whether 
there was a significant difference in achievement in the 
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four areas of science, or the total achievement in science 
of the boys as compared with the girls . The F values are 
listed below: 




Simple Analysis of Variance 
N IlG 2 
[Z x2 - Z (L X) ]/(N - G) 
nu 
Mean Sguare of Betvreen s.s. 
Mean Square of Within s.s. 
Sex~ _L _§_ F ~ Sex ~ X s F ~ 
M E.S. 5.98 1.87 16.26 1o/o M E.s. 13.02 2.82 14.27 1o/o 
F E.s. 5 • .32 1.80 F E.S. 12.07 2.80 
H Bio1. 3.96 1.84 1.79 Not M Bio1. 14.21 3.54 1.63 Not 
F Bio1. 3.74 1.80 Sig. F Bio1. 14.60 3.12 Sig. 
M Pbys. 4.94 2.ll 17.33 1ro }1 Phys. 12.65 3.81 24.30 1o/o 
F Phys. 3.76 1.77 F Phys. n.o5 3.34 
M Chern. 3 • .32 1.63 7.04 1ro M Chem. 9.54 3.32 .19 Not 
F Chern. 2.95 1.40 F Chem. 9. 66 2.90 Sig. 
M Total 17.75 5.39 19.42 1ro M Total 49.43 10.52 5.01 5ro 
F Total 15.75 4. 53 F Total 47.43 9.13 
M Grand 67.18 14.43 ll.03 1ro 
F Total 63.19 ll. 82 
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Comparison of male and female science achievement . 
With the use of a simple analysis of variance formula it 
was possible to determine that the overall picture of the 
male population's science achievement exceeds that of the 
female . Upon closer examination the males excel in earth 
science and physics at the 1% level of significance . 
Part I indicated at the 1% level of significance that the 
male population excelled in chemistry; however in Part II 
there were no significant differences between the male and 
female population. The male population having a mean 
score of 9. 54 and female population with a mean score of 
9. 66 yielded an F of . 19 . Part II would be a more reliable 
F since it was determined from two and one half times as 
many items as Part I . In the area of biology the male and 
female population did not show any significant difference 
in their achievements . For biology , Part I , the male 
population attained a mean score of 3. 96 and the female 
population of Part I attained a mean score of 3. 74 , their 
F being 1. 79 . In Part II the male population attained a 
mean score in biology of 14 . 21 and the female population 
attained a mean score in biology of 14. 60, their F being 
1. 63 . 
The total science achievement scores differed 
significantly at the 1% level in favor of the male 
population. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
Restatement of ~ problem. The purposes of this 
study were to develop a vocabulary test wi th a conceptual 
basis in science, and to determine its validity and 
reliability when applied to a selected sample of pupils 
at the end of the 9th grade. 
Importance £! the study . A vocabulary test will 
determine the range of science achievement of pupils after 
they have completed grade 9. An objective means of 
determi ning the science achievement as indicated by the 
vocabulary of the students at the end of their ninth year 
would function quite effectively as an important deter-
minant i n helping pupils to elect the proper future science 
programs of a general or specialized nature. 
The emphasis of the present educa tional era on the 
education of the talented student evidences the crucial 
need for the identification and preservation of the 
academically talented. Therefore it is essential to be 
able to identify various ab i lity groups in science whether 
they are ability, average, or below average groupings. 
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All students should be permitted the type of program best 
suited to their particular or peculiar needs . 
Research indicates that vocabulary is one of the 
best measures of evaluating school achievement . Studies 
of relationship between word meaning scores and standard 
achievement tests further reinforce the importance of 
vocabulary. 
Procedures . The first phase was undertaken for the 
purpose of establishing a valid source from which to 
secure terms needed for a junior high science achievement 
test . These terms were randomly selected from recent 
intermediat e and junior high science texts most commonly 
used . In order to gain a wider range of words upon which 
to draw for purposes of developing test items the sampling 
included intermediate texts . 
In the second phase science terms were chosen by the 
use of a table of random numbers . Especially designed 
cards facilitated the tabulation of 800 terms . Terms 
chosen from the highest frequencies were finally accepted . 
Only these terms were used exclusively for all the items , 
categories , and the examples in the directions . A total of 
440 terms was finally selected from which 152 items were 
built plus an additional 40 category- terms or a grand total 
of 480 terms . 
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Part I = 72 items X 5 terms per item = 360 terms 
Part II = 80 items X l term per item = 80 terms 
Part II = 40 categories X l term per category = 40 terms 
Grand Total = 480 terms 
After a statistical item analysis using the Davis 
formulas determined the difficulty and discrimination 
indices of each item a total of only 116 items remained, 
a grand total of 300 terms including the 40 category- terms . 
Part I = 36 items X 5 terms per item = 180 terms 
Part II = 80 items X l term per item = 80 terms 
Part II = 40 categories X l term per category = 40 terms 
Grand Total = 300 terms 
Upon consultation with the writer's committee the 
third phase was initiated . It was decided to include the 
following major areas of science: earth science , biology, 
physics , and chemistry . The selected terms were now 
transferred onto separate cards . Each term was placed in 
one of the four areas of science where they could be 
carefully studied and analyzed in an effort to determine 
the different relationships and meanings . An attempt was 
made to build items at the student's level of sophisti-
cation. This was sought by a careful examination of items 
with the experts in the field of science education plus a 
free discussion of items with three college students who 
took the test in addition to a discussion with students 
immediately after they took the pilot test . 
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The first part or the instrument employed items 
consisting simply of five terms, four of which were more 
closely related than the fifth term, the term that the 
testee was expected to seek out as being foreign or least 
related to the group. In the second part or the instrument 
the testee was expected to identify twenty individual 
terms, each of the twenty individual terms relating to only 
one of ten possible categories listed for each of the four 
n1ajor areas of science, in essence totaling 40 categories. 
A pilot study was carried out in a suburban 
representative New England community with a population of 
135 students, at the end of the ninth grade. 
The revised final test was administered in a 
suburban midwestern representative comn1unity, spread over 
an approximate area of forty square miles and from five 
different suburbs northwest of Chicago. 
At the time of the writer's hearing of his problem 
the committee accepted a proposal of one of the faculty, a 
professor in the field of secondary reading and Director of 
the Secondary Reading Clinic. This concerned the dropping 
of students who may score low on the vocabulary test be-
cause of their reading ability. Those students scoring in 
the lowest quartile on a nationally standardized reading 
test would be dropped. Therefore the original population 
was reduced by 14% or from 593 students to 510 students. 
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Null hypothesis . The null hypothesis asserts that 
the value of the population r is zero; or that there is no 
statistically significant correlation between the Read 
General Science Test and Junior High Science Achievement 
Test . The null hypothesis is refuted at the 1% level of 
significance with an r value of . 740. 
Norms . Statistics based on this typical suburban 
midwestern area were as follows: Mean age - 177. 83 months 
with a Mean Standard Deviation of 5. 26, Total Mean Score, 
the nor.m, - 65. 50 with a Mean Standard Deviation of 13. 54 . 
The Pearson Product . Moment technique yielded these 
correlation coefficients . 
a . The coefficient of correlation of the Junior High 
Science Achievement Test and Read General Science 
Test, as a criterion, showed a high degree of 
validity of the Junior High Science Achievement 
Test with an r value of . 740. 
b . The coefficient of correlation of the Junior High 
Science Achievement Test with the Teacher Grades , 
as a criterion, showed a marked degree of 
validity of the Junior High Science Achievement 
Test with an r value of . 615. 
c . The coefficient of correlation of the Junior High 
Science Achievement Test with the Terman-McNemar 
Test of Mental Ability indicated that the 
intelligence test appears to yield a different 
kind of information with an r value of . 606. 
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d. The coefficient of correlation of the Terman-
McNemar Test of Mental Ability and the area of 
physics on the Junior High Science Achievement 
Test appeared to be of sufficient value to 
indicate that the area of physics has a closer 
relationship to mental ability than do biology, 
earth science , or chemistry, with an r value 
of . 527 • 
The aforementioned r ' s are all significant at the 
1% level of significance . 
Using the Spearman- Brown Formula the reliability of 
the Junior High Science Achievement Test is given by the 
corrected correlation coefficient of . 866. The signifi-
cance of this r can be further realized if the population 
considered includes the lowest quartile of "non-readers , " 
when it showed a corrected r of . 889 . With the range of 
scores curtailed because of the lowest quartile of readers 
being dropped the r value is lessened thus yielding an r 
lowered by the stringency of the removal of the lowest 
quartile of "non- readers . " 
The chi square analysis reveals that 88% of all the 
items on the final test are able to distinguish at the 1% 
or 5% level of significance between the upper and l oto1er 
27% of the testees . 
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The Davis formulas' application to the resulting 
scores of the upper and lower 27% yield difficulty and 
discrimination indices confirming the chi square analysis. 
This enabled the examiner to report the actual power of 
each individual item. 
With the use of a simple analysis of variance 
formula it was possible to determine that the overall 
picture of the male population's science achievement 
significantly exceeds that of the female at the 1% level 
of significance. The male population also excelled in 
earth science and physics at the 1% level of significance. 
Part I indicated, at the 1% level of significance, that 
the male population excelled in chemistry; however in 
Part II the male population with a mean score of 9.54 and 
the female population with a mean score of 9.66 were 
almost equal with an F value of .19. 
significant differences were shown. 
page 82.) 
Conclusions. 
In biology no 
(See Table XIII, 
1. The Junior High Science Achievement Test can 
be used in the ninth grade as a power test to 
determine science achievement. 
2. The association of terms with concepts which 
9th grade pupils attach to science vocabulary 
can be measured by means of category-association 
tests. 
3. Based on a validity coefficient of . 739 and a 
reliability coefficient of . 889 the category 
association technique is a valid and reliable 
method of measuring knowledge of science 
achievement . 
4. More terms can be measured in a shorter period 
of time by the category-association technique 
than can usually be tested by other test 
techniques . 
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5. Most science terms lend themselves to grouping 
by categories based on a mutual relationship to 
a single general concept . 
6. The chi square formula significantly indicates 
that the Junior High Science Achievement Test can 
distinguish between the upper and lower ability 
groups . 
1· Since the highest percentile rank of 99+ was 
equivalent to a raw score of 93 out of a 
possible 116 the range of the Junior High 
Science Achievement Test may be sufficient to 
distinguish the lower range of _the superior 
students from the upper range . 
8. The correlation coefficient of I . Q. with the 
Junior High Science Achievement Test would 
indicate that an intelligence test would not 
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appear to give similar information obtained by 
the Junior High Science Achievement Test . 
9. The simple analysis of variance formula deter-
mined that the male population's achievement 
excelled that of the female population at the 
1% level of significance . 1 
10. The greatest achievement was attained in 
biology with no significant difference between 
the male and female population. The male 
population at t ained a mean score of 15. 21 and 
the female population attained a mean score of 
14. 60 , their F being 1. 63 . 
11. The correlation coefficient of . 527 for physics 
achievement with intelligence quotients calls 
attention to this area as demonstrating a much 
closer relationship to mental ability than the 
areas of earth science , biology, and chemistryf 
12 . With further emphasis on the articulation of 
physics and chemistry as the students enroll to 
take these subjects the ceiling may be attained 
anywhere from the tenth through the twelfth grade. 
lsee page 56. 
2Even though this information is not sought in the 
design of this paper the writer discovered this information 
and listed it as supplementary related information. Refer 
to page 64 . 
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13. Since the highest percentile rank of 99+ was 
equivalent to a raw score of only 93 out of a 
possible 116, the road is open to determine 
norms for the Junior High Science Achievement 
Test in the tenth, eleventh, or twelfth grade . 
14. The ceiling , not attained by ninth graders , 
would also seem to indicate this is a power test 
in the seventh and eighth grades, as they .all 
essentially completed the test in the time give~ 
15. Also , since simpler or more basic concepts were 
included in this Junior High Science Achievement 
Test because of a sampling of simpler terms from 
the fourth , fifth , and sixth grade texts the 
grade range for the use of this instrument would 
appear to include the seventh and eighth grade . 
Because of the more difficult concepts attained 
at the ninth grade level the test would appear 
to permit the seventh or eighth grade testee to 
demonstrate his science achievement beyond his 
own grade level . 
16. The reliability coefficient of . 866 and the 
validity coefficient of . 739 give weight to the 
hypothesis that a considerable amount of 
difficulty in science is due to lack of 
sufficient knowledge of science terms used . 
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17. The reliability coefficient of . 866 and the 
validity coefficient of . 739 would seem to 
indicate that a knowledge of science vocabulary 
is prerequisite to comprehension of textbooks 
and discussions and is often the key to basic 
ideas in science . 
Suggestions for further study. 
1 . Each of the four major areas of the second part 
of the test may be used individually and may be 
effectively administered in fifteen minutes . 
Give each of the area tests individually to 
students at the end of the proper unit . 
Determine its reliability and validity and 
predictive value for determining student 
success in the unit or areas to follow . 
2. Build similar individual tests to be given at 
the end of each unit but of a more specialized 
nature , as in astronomy , weather , light , heat , 
and simple geology. Determine norms for the 
seventh and eighth grade levels based on these 
unit area tests . 
3. A longer test in one area of science could 
serve to indicate finer degrees of achievement 
in a special area . Such a test may also serve 
to determine suggestions for counseling a 
student who appears to have greater potential 
than is being currently demonstrated. 
4. Use the Junior Hi gh Science Achievement Test 
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at the beg inning of the ninth grade and determine 
if it has any predictive value. Continue this 
study by giving the test at the end of the ninth 
grade thus determining the progress of the 
individual students. 
5. It is recorrunended that a cross-validation of this 
instrument be made to determine whether the items 
discriminate as effectively on a new sample. 
6. Do a study to determine significant differences 
in science achievement resulting from emphasis 
of key words and/or science terms, as in one 
teaching method compared to another. 
7. By means of matched pairs, holding intelligence 
quotients and/or reading ability constant 
compare pupils of high and low achievement on 
the Junior High Science Achievement Test. 
8. Construct tests of specific vocabulary in other 
science areas utilizing the same techniques 
demonstrated in the Junior High S·cience 
Achievement Test. 
9. Construct and statistically analyze other science 
achievement tests using science terms but with 
other types of items. 
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10. A study or joint studies related exclusively to 
science terms as they appear in today ' s general 
science texts could be related to same of the 
following problems: 
a . Determine the per cent of science terms 
related to each area of science at each 
grade level . 
b . Determine the areas of emphasis as indicated 
by science terms and their frequencies . 
c . Determine whether the major science series 
emphasize the same areas at the same grade 
level . 
d . Determine whether there is a significant 
relationship between the emphasis of terms 
appearing exclusively at one level as 
compared to terms emphasized at each level . 
e . Determine whether there is any significant 
difference in the science achievement at the 
end of the ninth grade level in controlled 
groups using different texts but all 
stressing frequency and types of terms 
introduced . 
11. Results of science achievement at the beginning 
of the ninth grade freshman year may help t o 
determine how the science achievement varies in 
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a ninth grade freshman class, especially if the 
population is drawn from different systems. 
The results of such a test may be invaluable in 
the horizontal and vertical articulation of the 
areas of science. 
12. Develop new sets of norms based on other pop-
ulations since the Junior High Science 
Achievement Test norms are representative of 
only the midwestern school described. 
13. Use a sample with specialized background as 
in biology and compare with Junior High 
Science Achievement Test to determine any 
significant differences. 
14. The analysis of variance formula indicated 
that the male population excelled in science 
achievement at the 1% level of significance. 
A continuation of such an analysis to determine 
significant interactions may give further 
understanding of the needs of science education . 
A follow-up study determining male and 
female feelings of the same and/or different 
populations at the junior high level (since 
these are considered the crucial years) toward 
the major areas, and their reason may be 
helpful in determining ways to increase the 
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perceptivity of the female population in 
science. As James B. Conant indic a ted in his 
"Conference Summary" in 1958 titled the 
Identification ~ Education of the Academically 
Talented Student in the American School, it is 
essential that we increase our science pool . 
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GENERAL INSTRUCTIONS TO THE EXAMINER 104 
This test is .Primarily to determine the science background of the student. 
It is ordinarily used in junior high school grades. 
TIME LIMITS 
This is a power rather than a speed test. However, the time limits should be 
observed. They are ample for examinees to reach the maximum limits of their 
abilities, and the test should be completed in the time specified. 
It should be remembered that the time limits suggested for this test include 
only actual testing time. In addition to this, the examiner must allow sufficient 
time for giving directions, making explanations when necessary, and for passing 
and collecting the test materials. 
Since this is not considered a timed test it is important that the instructions 
for PART I and PART II be given before the students begin the test. 
SUGGESTED TIME ALLOTMENT: 
Junior High Science Achievement Test (1961) 
PART I 25 minutes 
PART II 25 minutes 
TOTAL 50 minutes 
MATERIALS REQUIRED 
For each examinee ---
1 test booklet- Junior High Science Achievement Test 
1 machine-scoring answer sheet for PART I 
1 machine- scoring answer sheet for PART II 
1 electrographic pencil with attached eraser 
From this point on, certain parts of these directions are underlined and 
indented. These parts are to be read to examinees. 
READ: You are going to be given some answer sheets. Please do not mar 
or wrinkle them in any way. Doing this might lower your mark 
since they are scored with an electric testing machine. 
Next distribute two answer sheets to each examinee. (PART I and PART II.) 
READ: Look at the part of your answer sheet that has name, date, age, etc. 
Fill in these blanks as uickly as you can. Please write lainl . 
Write your last name first. Pause. _Now write your first name. 
(Pause.) The date is ( ). (Pause.) The school is ( ). 
(Pause.) .Q!!y_( ). (Pause.) Do not write in the eight 
Sj>aces under SCORES. Now write your date of birth. (Pause.) Write 
your age in years and months, and write an M or F to indicate sex. 
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READ: Now indicate your grade or class by writing 9S or 9B, 9S being 
9th grade science and 9B indicating 9th grade biology. (Pause.) 
Write the name of your science or biology teacher or instructor. 
(Pause.) For the name of the test write Science, and for PART ... 
mark I if it is not already indicated. Note- PART I has five 
choices for each item or question. (a, b, c, d, e.) (Pause.) 
Now, complete the same information beginning with your last 
name first on the other answer sheet which should be marked 
PART IT, and will have ten choices for each item or question 
(numbered 1 through 10). 
The examiner should check to see that examinees have completed the personal 
data properly. 
READ: Now look at answer sheet for PART I. The directions for recording 
your answers are: Mark this answer sheet under the number or letter 
of the answer you have selected. Make each mark only as long as the 
pair of dotted lines and move the pencil up and down firmly to make a 
heavy black line. If you make a mistake or wish to change an answer 
do it in this manner. Carefully erase the incorrect answer and make 
another heavy black line for the answer you believe is correct. 
READ: I am going to give each of you a copy of the test booklet. Do not write 
or mark on it in any way. Wait for directions before beginning the test. 
Distribute one Junior High Science Achievement Test booklet to each examinee. 
READ: This test is designed to determine your achievement in science. It 
includes the Earth Sciences, Biology, Physics, and Chemistry. In 
certain areas you will know more than other areas. Do not spend too 
much time on any one question. Answer ALL questions to the best of 
your ability. You will have ample time to complete this test. When you 
have completed the entire test check to see that each question has been 
answered. Work rapidly. 
READ: Read the instructions on the front sheet silently while I read them orally. 
IN EACH OF THE FOLLOWING GROUPS BELOW THERE ARE FIVE 
TERMS. FOUR OUT OF EACH FIVE TERMS ARE CLOSELY RELATED 
IN SOME WAY. FIND THE TERM THAT OOES NOT BELONG OR IS 
NOT AS RELATED IN EACH GROUP. DARKEN THE SPACE ON YOUR 
ANSWER SHEET CORRESPONDING WITH YOUR ANSWER. 
READ SLOWLY: Look at EXAMPLE I very carefully. (Pause.) You should quickly 
see that all the terms but one are planets. Therefore, you should have 
darkened the space under "e" since Sun does not belong since it is not a 
planet. 
Make certain that examinees understand EXAMPLE I. 
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READ SLOWLY: Now look at EXAMPLE n. What space should be darkened? (Pause 
for a moment or two.) Edison -successfUlly showed that an incandescent 
lamp with a hair-like filament would burn. Today, the filament used is 
tungsten; so space "c" would be the correct answer to darken since 
iron does not belong. 
(Pause - do not ask for questions, but answer any questions if they are 
volunteered.) 
READ: Now turn to page 6 where you are asked to read the procedure for 
PART n on the next four pages. Read the procedure silently while I 
read it aloud. 
READ DOWN THE COLUMN OF TERMS BELOW AND DARKEN THE 
NUMBER ON YOUR ANSWER SHEET THAT IS MOST CLOSELY 
RELATED TO ONE OF THE CATEGORIES AT THE TOP OF THE PAGE. 
The column of terms you see are 1. Mercury; 2. Orion; 3. fall; 4. first 
quarter; and 5. Earth. You also see the ten categories listed horizon-
tally above beginning with 1. Planet and ending with 10. Telescope. 
Now pause for a moment and begin reading the explanations at the bottom for 
choosing the correct categories. Pause ever so briefly after each of the five state-
ments at the bottom of page 6. 
READ: On your answer sheet you should have darkened the space under "one" 
since that represents the category "planet." (Pause.) 
Likewise in question two you should have darkened the space under 
''two" since Orion belongs to the category "Constellation." (Pause.) 
(Clear up questions.) 
Continuing to question three, since fall is in the category "Season", the 
corresponding number would be "three." (Pause.) 
Since first quarter belongs to the category "Phases" this corresponding 
number would be "eight." Note that while first quarter has to do with 
Moon, it is specifically a phase of the Moon. (Pause.) 
Earth belonging to the same category as Mercury, in question one, 
would necessitate darkening the space under "one" again. (Pause:) 
READ: Is everyone ready? Remember- answer ALL questions to the best of 
your ability. If you need to ask a question or need another pencil just 
raise your hand. Do not leave your seat. After you complete the test 
check your work. Then close your booklets and wait quietly. {Pause-:) 
Now, everyone turn to page two. You now have 50 minutes- BEGIN! I 
-
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Examiner should indicate the time the test is to be completed on the blackboard 
He should also walk around the room slowly as examinees are working. 
After half of the period has passed. 
READ: You now have 25 minutes left. 
After fifty minutes have passed. 
READ: Stop! Put your pencils down! Look at your test booklet. Did you 
make any accidental dots or marks on it? If so, erase them. 
After sufficient time has elapsed. 
READ: Now hand in your booklet. 
Count the test booklets to make certain you have the right number. 
READ: Now inspect your answer sheet. Are all your marks heavy black lines? 
If not, go over the light ones. Have you made any accidental dots or 
marks? If so, erase them. Are any of your answers untidy? If you 
changed answers, did you erase the wrong ones? Make your answer 
sheet clean and neat. 
After sufficient time has elapsed collect two answer sheets from every examinee. 




JUNIOR ffiGH SCIENCE ACIDEVEMENT TEST 
PART I 
IN EACH OF THE FOLLOWING GROUPS BELOW THERE ARE FIVE 
TERMS. FOUR OUT OF EACH FIVE TERMS ARE CLOSELY RELATED 
IN SOME WAY. FIND THE TERM THAT DOES NOT BELONG OR IS NOT 
AS RELATED IN EACH GROUP. DARKEN THE SPACE ON YOUR ANSWER 
SHEET CORRESPONDING WITH YOUR ANSWER. 
EXAMPLE I: a. Mercury ANSWER SHEET 
b. Venus a b c d e 
c. Earth D D D D I d. Mars 
You should have darkened 
e. Sun the space under e since 
the Sun is not a planet. 
EXAMPLE II: a. Edison ANSWER SHEET 
b. incandescent lamp a b c d e 
c. iron D D D 0 D d. filament 
What space should be 
e. tungsten darkened? 
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EARTH SCIENCE 110 
1. 5. 9. 
a. earth a. volcano a. hurricane 
b. summer b. limestone b. tornado 
c. winter c. igneous rock c. cyclone 
d. fall d. granite d. high pressure area 
e. spring e. fire e. low pressure area 
2. 6. 10. 
a. Jupiter a. hydrogen a. barometer 
b. Saturn b. helium b. temperature 
c. Uranus c. sun c. air 
d. Neptune d. red d. pressure 
e. Pluto e. yellow e. weight 
3. 7. 
a. direct sunlight a. sun 
b. sun b. direct rays 
c. longest day c. noon 
d. winter d. equator 
e. summer e. longitude 
4. 8. 
a. meteor a. Andromeda 
b. earth b. moon 
c. revolution c. shadow 
d. axis d. earth 





11. 15. 19. 
a. mouth a. cells a. oxygen 
b. kidney b. tissues b. hemoglobin 
c. esophagus c. blood c. red corpuscle 
d. stomach d. organs d. artery 
e. intestine e . systems e. vein 
12. 16. 
a. teeth a. water 
b. milk b. sunshine 
c. mineral c. green leaf 
d. salt d. nitrogen 
e. skeleton e. chlorophyll 
13. 17. 
a. fins a. face 
b. gills b. teeth 
c. lungs c. saliva 
d. cold blooded d. head 
e. scales e. lungs 
14. 18. 
a. mammal a. dog 
b. bird b. bat 
c. insect c. bird 
d. reptile d. rabbit 
e. amphibian e. cat 
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20. 24. 28. 
a. nitrogen a. 32° a. tube 
b. carbon dioxide b. 5000° b. mercury 
c. water c. 212° c. 14.7 
d. candle d. 100° d. pressure 
e. burning e. oo e. water 
21. 25. 29. 
a. red light a. wheel a. egg 
b. negative b. axle b. bottle 
c. positive print c. water wheel c. paper 
d. nitrogen d. pulley d. fire 
e. silver bromide e. bicycle e. water 
22. 26. 
a. refracted a. body 
b. light rays b. weight 
c. image c. water 
d. reading glass d. Burbank 
e. reflected e. Archimedes 
23. 27. 
a. nonconductor a. Archimedes 
b. conductor b. Newton 
c. current flow c. apple 
d. switch d. tree 




a. fluorine a. matter 
b. bromine b. solid 
c. oxygen c. liquid 
d. iodine d. gas 
e. chlorine e. solution 
31. 35. 
a. blue a. iron 
b. litmus b. tin 
c. water c. hydrogen 
d. acid d. gold 
e. soap e. helium 
32. 36. 
a. breath a. extinguisher 
b. C02 b. bakingsoda 
c. limewater c. oxygen. 
d. red d. carbon dioxide 
e. white e. acid 
33. 
a. carbon 
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PROCEDURE FOR NEXT FOUR PAGES 
READ DOWN THE COLUMN OF TERMS BELOW AND DARKEN THE NUMBER 
ON YOUR ANSWER SHEET THAT IS MOST CLOSELY RELATED TO ONE OF THE 
CATEGORIES AT THE TOP OF THE PAGE. 
EXAMPLE: 





4. first quarter 
5. Earth 
6. Moon 7. Heat 8. Phases 9. Eclipses 10. Telescope 






On your answer sheet you should have darkened the space 
under "one" since that represents the category "planet." 
Likewise in question two you should have darkened the 
space under ''two" since Orion belongs to the category 
"Constellation." 
Continuing to question three, since fall is in the category 
"Season", the corresponding number would be "three." 
Since first quarter belongs to the category "Phases" this 
corresponding number would be "eight." Note that while 
first quarter has to do with Moon, it is specifically a phase 
of the Moon. 
Earth belonging to the same category as Mercury, in question 
one, would necessitate darkening the space under "one" again. 
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CATEGORIES: 1. Low Pressure Areas 2. Seasons 3. Hygrometer 4. Telescope 
5. Milky Way 6. Sedimentary 7. Igneous 8. Metamorphic 
9. Zones 10. Clouds 
READ DOWN THE COLUMN OF TERMS BELOW AND DARKEN THE NUMBER 
ON YOUR ANSWER SHEET THAT IS MOST CLOSELY RELATED TO ONE OF 
















15. igneous- sedimentary 
16. oil 
17. light rays 





CATEGORIES: 1. Carbohydrate 2. Insect 3. Bird 4. Photosynthesis 
5. Reptile 6. System 7. Senses 8. Circulatory 9. Larva 
10. Proteins 
READ OOWN THE COLUMN OF TERMS BELOW AND DARKEN THE NUMBER 
ON YOUR ANSWER SHEET THAT IS MOST CLOSELY RELATED TO ONE OF 




















39. red corpuscles 
40. green 
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CATEGORIES: 1. Electricity 2. Sound 3. Pressure 4. Motion 5. Photography 
6. Lenses 7. Ultra-violet rays 8. Airplanes 9. Refrigeration 
10. Magnetism 
READ DOWN THE COLUMN OF TERMS BELOW AND DARKEN THE NUMBER 
ON YOUR ANSWER SHEET THAT IS MOST CLOSELY RELATED TO ONE OF 






45. Joseph Henry 

















CATEGORIES: 1. Aluminum 2. Carbon 3. Radium 4. Chlorine 5. Calcium 
6. Tungsten 7. Bismuth 8. Oxygen 9. Magnesium 10. Nitrogen 
READ OOWN THE COLUMN OF TERMS BELOW AND DARKEN THENUMBER 
ON YOUR ANSWER SHEET THAT IS MOST CLOSELY RELATED TO ONE OF 
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BY JOHN G. READ 
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DIRECTIONS: 
Do not open this booklet until you are told to do so. 
This is a test of your knowledge of general sci~nce. For each question there are five possible answers. You 
are to decide which answer is the best one. You may answer a question even when you are not perfectly 
sure that your answer is correct, but you should avoid wild guessing. Do not spend too much time on any 
one question. You are not expected to be able to answer all the questions. Do not worry if you find a question 
on something you have not covered in class. 
Study the sample questions below, and notice how the answers are marked on the separat~ answer sheet. 




4. cumulus. , 
6. thunder. 
For Sample A the correct answer, of course, is "cumulus," which is answer 4. Now look at your answer 
sheet. At the top of the page in the left-hand column is a box marked SAMPLES. In the five answer spaces 
after Sample A, a heavy mark has been made filling the space (the pair of dotted lines) marked 4. 
Sample B. The man known as the "wizard of the plant kingdom" was -
6. Joseph Lister. 
7. Louis Pasteur. 
8. Luther Burbank. 
9. Thomas Edison. 
10. none of the above . .; 
The correct answer for Sample B is "Luther Burbank," which is answer 8; so you would answer Sample B by 
making a heavy black mark that fills the space under the number 8. Do this now. If the correct answer had 
not been given, you would have chosen answer 10, "none of the above." 
Read each question carefully and decide which one of the answers is best. Notice what number your choice 
is: Then, on the separate answer sheet, make a heavy black mark in the space under that number. In marking 
your answers, always be sure that the question number in the test booklet is the same as the question number 
on the answer sheet. Erase completely any answer you wish to change, and be careful not to make stray marks 
of any kind on your answer sheet or on your test booklet. When you finish a page, go on to t he next page. 
If you finish the entire test before the time is up, go back and check your answers. Work as rapidly and as 
accurately as you can. 
When you are told to do so, open your booklet to page 2 and begin. The working time for this test is 
40 minutes. 
Issued 1951 by World Book c;mpany, Yonkers-on-Hudson, ew York, and Chicago, Illinois 
Copyright 1950 by World Book Company. Copyright in Great Britain. All rights reserved 
PRINTED I N U.S.A. RGS: AM- JQ 
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1. Which one of the following causes the wind to blow? 
1. differences in air pressure 
2. moving tree branches 
3. attraction of the moon 
4. the presence of water vapor in the air 
5. dust in the air 
Sun. Mon. Tues. Wed. Thur. Fri. Sat. 
EfffUE 
2. On what day, according to the above graph of barometric 




· 9. Thursday 
10. Friday 
3. If three dishes of vanilla ice cream and one of chocolate ice 
cream are set on a table out-of-doors, the chocolate ice cream 
will melt the fastest because -
1. it is always softer when it is in the package. 
2. it reflects the heat better. 
3. it absorbs heat because it is colder. 
4. it radiates heat because it is thicker. 
5. it absorbs more heat because it is dark in color. 
4. Foods are heated when canned to-
6. kill the bacteria. 
7. keep the color of the food. 
8. remove the moisture. 
9. improve the quality. 
10. increase the air pressure. 
5. Which one of the following statements is FALSE? 
1. It is better never to drink when driving. 
2. It is practically certain that alcohol will slow down 
your reaction time. 
3. Alcohol is considered to be a poor food. 
4. Everyone can take one drink without having it 
affect him. 
6. Alcohol is often habit-forming, and its users find it 
difficult to stop drinking. 
6. Pasteur is known for his work with -
6. electricity. 
7. bacteria. · 
8. molds. 
9. radium. 
10. X rays. 
7. One danger with most fuels is t hat when t hey are burned . 
they may produce -
1. carbon t et rachloride. 
2. carbon monoxide. 
3. nitrogen monoxide. 
4. hydrogen. 
6.' oxygen. 
[ 2 1 
Read: Gen. I 
8. Charges of electricity which move along a copper wire 












10. There is night and day because the -
6. earth revolves around the sun. 
7. moon revolves around the sun. 
8. earth rotates on its axis. 
9. sun revolves around the earth. 
10. moon rotates on its axis. 
11. Most erosion in the upper Mississippi Valley was ca1 
by the-
1. mining of iron. 
2. mining of coal. 
3. cutting of timber. 
4. building of dams. 
5. building of hydroelectric plants. 
12. Which one of the following is NOT a color obtained VI 






13. If an extremely long-needled variety of pine tree prod1 
some cones whose seeds grew into short-needled tree 
indicated that -
1. the parent pine tree was getting old. 
2. there was not enough rain that year. 
3. pollen from a hemlock tree reached the long-nee 
tree. 
4. pollen from a short-needled pine fertilized the 1, 
needled tree. 
5. the seeds of the pine were damaged by squirrel 
14. Most of t he northern part of the United States is cov' 
with sand and gravel deposited by-
6. tidal waves. 
7. sandstorms. 
8. hurricanes. 
9. meteor showers. 
10. glaciers. 
15. I n an automobile, oil is used in the-
1. radiator. 
2. crankcase. 
3. vacuum tank. 
4. gasoline filt er. 
5. ignition coil. 
Go on to the next pc 
Vhich one of the follov,;ing is most necessary foi proper 






; is possible to contract tuberculosis ONLY if one -
1. loses weight. 
2. comes in contact with the tuberculosis bacillus. 
3. gets overtired. 
4. does not get enough fresh air at night. 
6. is bitten by a certain kind of mosquito. 
ound vibrations from the human voice are changed to elec-






Thich one of the following statements about air on a moun-
Lin top is true? 
1. It has color. 
2. It has odor. 
3. It has weight. 
4. It is visible. 
5. It has taste. 
t present most gasoline comes from -
6. petroleum. 
7. kerosene. 
8. natural gas. 
9. plant oils. 
10. coal. 
n a sunny spring morning, spider webs in the grass were 
>vered with tiny drops of dew. Where had the dew come 
om? 
1. the air 
2. the grass 
3. the spiders 
4. the morning sunlight 
5. melted frost 
lhich one of the folloWing is replaceable as it is NOT a 






wo explorers measured the height of the same mountain 
. Alaska- one in 1898, the other in 1940. Their results 
ere different by over 500 feet. Which one of the follow-
g best explains this discrepancy? 
1. The 1898 figure was obtained in the summer. 
2. The 1940 figure was obtained in the winter. 
3. The 1898 figure was obtained by climbing the 
mountain. 
4. The 1940 survey was by airplane, using photo-
graphic mapping. 
5. None of the above gives a completely satisfactory 
explanation. 
Read: Gen. Sci.-A 
24. Which pair of terms is correctly matched? 
6. Sun - satellite 
7. Neptune- planet 
8. Meteor - star 
9. Moon - asteroid 
10. Comet - sunspot 






5. all of the above. 
26. Which one of the following causes the handle of an alumi-
num saucepan on a gas stove to become very hot, although 






27. In poems and legends, ships which have sunk are said to 
"Float forever and forever 
Halfway between the ocean floor 
And stormy waves above." 
These ships are thought to reach a point where the water is 
·so dense that they will not sink. Why is this FALSE? 
1. Wooden ships would be broken up by the water. 
2. Metal plates on ships would bend under the great 
pressure. 
3. Water can be compressed very little. Therefore, 
its density cannot be increased very much. 
4. Ships with cargoes which will float cannot be sunk. 
6. Salt water is much more dense than fresh water. 
28. The geological formation above constitutes evidence of-
6. volcanic action. 
7. erosion. 
8. folding. 
9. sedimentation in a running stream . 
10. movement in the earth's crust. 
29. The distinctive shape of "Green Mountain" potatoes is 
due primarily to the -
1. amount of cultivation they receive. 
2. amount of rainfall. 
3. hereditary character of the seed potatoes. 
4. amount of fertilizer applied. 
5. temperature !,luring the growing season. 
[ 3 ] Go on to the next page. 
30. Which one of the following does NOT refract light? 
6. eyeglasses 
7. microscope 
8. Galilean telescope 
9. mirror 
10. reading or magnifying glasses 
31. Which one of the following does NOT usually carry bac-






32. It had been a clear, cold November day with the tempera-
ture at 25° F. That night at the railroad yards a leaky 
steam pipe sent a white cloud of steam into the air all 
night. The temperature remained at 25° F. In the 
morning what would probably be on the ground near the 






33. Many low, rounded banks of sand, boulders, and pebbles 
were probably formed by-
1. glaciers. 
2. meteor showers. 
3. tidal waves. 
4. sandstorms. 
6. hurricanes. 
34. A comic-book science story showed a man building a big 
balloon out of very thin sheets of aluminum cemented to-
gether so as to be airtight. He pumped the air out of the 
balloon, and the balloon then floated. At present this 
would be impossible because -
6. aluminum cannot be made airtight. 
7. it would take too much cement. 
8. the outside air pressure would crush the balloon. 
9. the balloon would not hold hydrogen. 
10. aluminum is too heavy. 
35. Which one of the following diagrams shows best what will 
happen if 4 holes of the same diameter are punched at the 




' 36. Which one of the following is an example of a ch• 
change? 
6. melting wax 
7. breaking glass 
8. burning wood 
9. crushing stone 
10. freezing water 
37. If pulley X is turning at 178 revolutions per minul 
arrangement of pulleys that will give pulley Y the • 









6. none of the above 
38. About every seven years everyone should be vacc 
against-





39. After the explosion of the gasoline occurs in a cylinde 
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9. cell division. 
10. budding. 
41. A dynamo causes electricity to flow by-
1. chemical action. 
2. moving a coil of wire across a magnetic field 
3. moving a coil of wire in a storage battery. 
4. moving static electrical charges to an insulat 
5. none of the above. 
[ 4 l Go on to the nex 
Vhich pair of terms is correctly matched? 
6. speed of light- 93,000,000 
7. rotation of the earth- 186,000 
8. revolution of the earth - 365t 
9. distance from earth to sun - 240,000 
10. none of the above 
~racks of dinosaurs left on the muddy banks of streams are 
ound now as fossils. About how many years ago were 
hey made? 
1. 1 thousand 
2. 10 thousand 
3. 50 thousand 
4. 100 thousand 
5. 1 million 
Vhy does heat make iron easier to shape? 
6. Heat often causes the iron to become red. 
7. Heat increases the motion of molecules. 
8. Heat causes the iron molecules to expand. 
9. Heat decreases the elasticity of the iron. 
10. Heat increases the density of the iron. 






~strologers use the position of the stars and the planets 
Lt the hour, day, and minute of a person's birth to predict 
tis future. Which one of the following statements regard-
ng this practice is true? 
6. The modern astrologer can now predict one's future 
more accurately because there are better telescopes 
in use. 
7. Some astrologers inherit the ability to understand 
the stars from their mothers or their fathers. 
8. Study and long years of training in astrology make 
an astrologer's predictions of one's future more ac-
curate. 
9. Very good astrologers are worth the high fees which 
they charge. 
10. Scientific evidence has not shown that astrologers 
can predict the future of an individual on the basis 
of what they know about the stars. 
Which one is NOT a lever? 
1. pencil sharpener 
2. seesaw 
3. derrick 
4. fishing rod 
5. scissors 
Which one of the following statements is true and applies 
both to magnets and to static electricity? 
6. Copper particles are attracted. 
7. Like charges or poles repel. 
8. Paper is attracted. 
9. Fires may be started. 
10. Unlike charges or poles repel. 
Read: Gen. Sci.-A 
49. If a 500-pound weight is placed at the arrow, which lever 
. will lift the 60-pound weight W the highest? 
1. J 3 
... 
[W] 
2. + 2 [W] 
• 
3. + [WJ 
• 
4. t 2 [WJ 
... 
5. t 1 3 [W] 
... 
50. Which pair of terms is correctly matched? 
6. Ursa Major- Big Dipper 
7. Ursa Minor- Little Dog 
8. Cassiopeia - Dipper 
9. Polaris - The W 
10. Orion - Milky Way 
51. A warm cyclonic storm moves across the country from west 
to east in July. Winds blow strongly toward its center 
and rain falls near the edge of the whirling mass of air. 
In the diagram above the place where the temperature is 






52. A pulley arrangement which gives a mechanical advan-
tage of "1" is the -
6. single. movable. 
7. single fixed. 
8. double movable, single fixed. 
9. double fixed, single movable. 
10. double movable, double fixed. 
53. What p;1rt of the blood is effective in destroying invading 
bacteria?· 
1. plasma 
2. red corpuscles 
3. toxin 
4. white corpuscles 
5. lymph 
54. The chemical name of the gas which is produced when coal 
is burned with plenty of oxygen is -
6. carbon tetrachloride. 
7. nitrogen. 
8. hydrogen. 
9. carbon dioxide. 
10. water gas. 
[ 5 ] Go on to the next page. 




4. laboratory animals. 
6. serums. 
8 
56. The circle above represents the age of the earth, and the 
shaded part represents the time that civilization may have 
existed. About how many years are represented by the 
shaded portion? 
6. 50 thousand 
7. 7 50 thousand 
8. 30 million 
9. 100 million 
10. 1 billion 
57. A large soap bubble will rise in the air if it is filled with-





58. In an experiment, an iron ball at a temperature of 200° F. 
was placed in a pan and covered with water whose tempera-
ture was 72° F. The room temperature was 70°-F. After 
10 minutes the temperature of both ball and water was 
measured and found to be about -
6. 72° F. 
7. 150° F. 
8. 200° F. 
9. 201° F. 
10. 272° F. 
59. A vital factor in producing a new variety of tomatoes is -
1. selection of the best seed. 
2. self-pollination. 
3. good soil. 
4. plenty of moisture. 
5. cross-pollination. 
60. Which one of the following has probably had the LEAST 
over-all effect in the breaking down of rocks into soil? 
6. running water 
7. wind, carrying sand 
8. tides 
9. explosives lised by man 
10. chemical changes 
61. Which pair of terms is correctly matched? 
1. longer string -higher pitch 
2. heavier string·- higher pitch 
3. slower vibration - lower pitch 
4. faster vibration -lower pitch 
5. None of them is matched correctly. 
[ 6 l 
Read: Ger 
62. The oxygen in the air is necessary for all EXCEPT 
one of the following? 





63. In January a warm cloud from which rain fell move< 
the south northward. When it reached Vermont, tl 
changed to snow. What probably caused the chan! 
1. The lakes were frozen. 
2. Not enough moisture was left in the cloud fo 
rain. 
3. The temperature -of the air around the clou 
36° F. 
4. The air temperature at the cloud level was 
5. The direction of the vrind changed. 
64. Radar depends for its operation on an electronic tube 






65. A 125-pound box on rollers is pushed up an inclined 
Which inclined plane will require the greatest force to 
the box? 
1. /::Js· 
2. ~4' " 
3. 
,<?/1 L_jlO' 
4. ~ ~10' 
LS' 
5. 
66. An acid used in the home is -
6. soap powder. 
7. bicarbonate of soda. 
8. onion juice. 
9. vinegar. 
10. salt. 
Go on to the next 
each one of the following was expressed by a number, 
ich one would be the largest? 
1. spe(;!d of light in miles per second 
2. distance from the earth to the sun in miles 
3. distance from the earth to the moon in miles 
4. number of days necessary for one revolution of the 
earth 
5. number of miles in a light-year 
;ailboat going from a point 100 miles up the Mississippi 
\"er to the ocean without stopping would-
6. float higher in the ocean. 
7. float lower in the ocean. 
8. weigh less in the river. 
9. weigh less in the ocean. 
10. be buoyed up less by the ocean. 
BAY OF 
BE.NGAL 
out May 20, a southwest wind called the "wet mon-
·n" begins to blow over most of India from the tropical 
Lian Ocean toward the Himalayas. Tremendous thun-
storms occur, and then the rainy season continues for 
> or three months. The best reason why it rains so long 
~r most of India is that the -
1. cool air ·from the mountains is saturated with mois-
ture. 
2. warm air from the ocean is cooled over the land. 
3. warm dry air bumps into cool mountain peaks. 
4. cool air from the ocean carries more water. 
6. cool air from the mountains has picked up snow from 
the peaks of the Himalayas. 
Read : Gen. Sci.- A 
70. If a large empty tomato-juice can is completely sealed 
and then placed in a glass container from which most of. the 
air is pumped, t he can then will most resemble diagram -
~ ~ 
--l I "f-~ 
I I I 
' ' I I : I 
: I I I I : I ! I I 
I I I I I I II I I I I ~-~ 





6. 7. 8. 9. 10. 













73. Which one of the following is NOT a legume? 





74. If a friend says, "Oh, nobody in my family ever had diph-
theria, so I won't ever have it," you might properly make 
all EXCEPT which one of the following statements? 
6. "We can ask the school doctor about diphtheria." 
7. "Let's look it up in a health book." 
8. " I had the diphtheria toxoid and now I probably 
won't have diphtheria." 
9. "Maybe you are right." 
10. "I don't believe that immunity from diphtheria is 
hereditary." 
75. If a completely new kind of melon appeared in a melon 
patch, and this new type of melon reproduced the same 
kind of melons from its seeds, the cause of this new type of 
melon probably was-
1. injury to the melon blossom. 
2. mutation. 
3. an extra amount of fertilizer. 
4. self-pollination. 
6. cell division. 
Go back and check your answers. 
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